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CORROSION  FATIGUE  -  failure  under  the  combined  effect  of  multiple 
loads  and  an  aggressive  medium.  Under  corrosion  fatigue,  as  under  fa¬ 
tigue,  the  cracks  originate  at  the  surface  of  the  body  and  gradually 
extend  into  the  depth,  resulting  in  reducing  the  carrying  cross  sec- 


Fig.  1.  Fatigue  curves  for  specimens  from  35  steel  as  a  function  of  the 
medium,  l)  Air;  2)  potable  water;  3)  3#  solution  of  NaCl.  A)  Kg/mm2;  B) 
number  of  cycles. 

tion.  The  process  terminates  in  a  rapid  failure  of  the  remaining  cross 
section  due  to  mechanical  stresses.  Usually  2  main  zones  are  discerni¬ 
ble  In  a  corrosion  fatigue  fracture:  fatigue  (with  participation  of 
corrosion)  and  postfracture  zones  (see  Fatigue  Fracture).  The  main  dif¬ 
ferences  between  corrosion  and  ordinary  fatigue  are:  a  large  number  of 
cracks  and  absence  of  an  endurance  limit  (of  a.  horizontal  section  on 
Veler's  curve,  which  is  characteristic  of  ferrous  metals  at  room  and 
low  temperatures,  see  Fig.  l).  Hence  corrosion  fatigue  cannot  be  char¬ 
acterized  only  by  the  value  of  stresses  without  specifying  the  number 
of  cycles.  Corrosion  fatigue  depends  to  a  large  extent  on  the  corrosion 
resistance  of  materials  under  the  given  conditions.  In  steels  the  re¬ 
duction  in  strength  is  retarded  after  50  million  cycles  while  for  alu- 
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mlnum  and  magnesium  alloys  the  strength  reduction  continues  even  at  a 
large  number  of  cycles  and  the  corrosion  fatigue  strength  can  drop  to 
1  kg /mm  .  Corrosion  fatigue  failure  is  brought  about  by  the  simultane¬ 
ous  effect  of  corrosion  and  stresses.  Successive  effect  of  the^e  fac¬ 
tors  is  less  dangerous.  A  major  role  in  corrosion  fatigue  is  played  by 
the  creation  of  a  substantial  electrochemical  inhomogeneity.  The  most 
stressed  and  deformed  microvolumes  have  their  electrode  potential  and 
corrosion  resistance  reduced,  which  facilitates  the  subsequent  crack 
formation  and  development.  The  corrosion  fatigue  strength  after  20-50 
million  cycles  (for  carbon  and  low-alloy  steels,  practically  independ- 

A 

ent  of  their  composition  and  processing  it  is  from  10  to  16  kg/mm  in 
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Pig.  2.  The  fatigue  limit  as  a  function  of  the  ultimate  strength  for 
various  steels  in  various  media,  l)  Air;  2)  potable  water;  3)  sea  wa- 

p 

ter.  A)  Kg/mm  . 

p 

potable  water  and  from  4  to  10  kg/mm  in  sea  water)  is  usually  substan- 
tially  lower  than  the  endurance  limit  in  air  (from  15  to  95  kg/mm  for 
the  same  steels).  An  increase  in  the  endurance  limit  in  air  or  in  the 
ultimate  strength  or  hardness  usually  does  not  result  in  increasing  the 
corrosion  fatigue  resistance  (Pig.  2).  Cast  irons  and  structural  steels 
differ  little  with  respect  to  corrosion  fatigue  resistance,  despite  the 
substantial  difference  in  other  mechanical  properties.  An  Increase  in 
the  corrosion  resistance  of  a  material  substantially  increases  the  cor¬ 
rosion  fatigue  resistance.  The  reduction  in  the  fatigue  strength  of  the 
lKhl8N9T  stainless  forged  steel  when  tests  in  air  are  replaced  by  tests 
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In  sea  water  is  less  than  10$  (for  carbon,  low  and  medium  alloy  steels 
it  is  reduced  by  a  factor  of  3-10,  in  many  titanium  alloys  such  a  re¬ 
duction  does  not  exist).  Prom  all  the  engineering  materials  titanium 
alloys  have  the  highest  corrosion  fatigue  strength  in  sea  water.  Stain¬ 
less  cast  alloys  with  an  inhomogeneous  structure  undergo  a  substantial 
(by  a  factor  of  2  and  more)  reduction  in  the  fatigue  strength  upon 
changing  from  air  to  sea  water.  The  fatigue  strength  of  copper  alloys 
changes  very  weakly  upon  changing  from  air  to  potable  water  and  it 
changes  slightly  more  upon  changing  to  sea  water,  however,  even  in  the 
latter  case  the  corrosion  fatigue  strength  of  copper  alloys  exceeds  by 
approximately  a  factor  of  two  the  fatigue  strength  of  carbon,  low  and 
medium  alloy  steels.  The  corrosion  fatigue  strength  of  aluminum  alloys 
in  sea  water  is  low,  even  for  the  more  corrosion  resistant  alloys  such 
as  AV,  AMg5V  and  MAg6  the  fatigue  corrosion  strength  for  20  million  cy- 
cles  is  about  3  kg/ran  .  With  a  reduction  in  the  cycle  frequency  the 
corrosion  fatigue  strength  is  reduced  (the  endurance  at  the  given 
stress  amplitude  is  decreased).  The  endurance  of  carbon  and  low-alloy 
steels  upon  changing  from  a  frequency  of  1000-3000  to  a  frequency  of 
100  cycles  per  minute  for  a  stress  amplitude  of  +10  kg/ran  is  reduced 
by  a  factor  of  10;  for  the  more  corrosion-resistant  copper  alloys  the 
effect  of  frequency  is  much  weaker.  The  notch  sensitivity  in  corrosion 
fatigue  depends  on  the  stress  amplitude,  aggressive  medium,  shape  of 
notch  and  the  metal;  for  noncorroal on -resistant  materials  it  is  smaller 
than  under  ordinary  fatigue.  For  standard  structural  steels  under  rela¬ 
tively  high  stresses  (up  to  10^  cycles)  corrosion  fatigue  calculations 
in  sea  water  should  be  based  on  the  fatigue  strength  of  notched  speci¬ 
mens  tested  in  air;  under  low  stresses  and  a  large  number  of  cycles  the 
main  effect  is  exerted  by  corrosion.  Hence  for  corrosion  fatigue  with  a 
large  number  of  cycles  the  effect  cf  notches  must  be  taken  Into  account. 
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Pot  stainless  steels,  which  in  sea  water  are  susceptible  to  crevice 
corrosion,  the  presence  of  stress  raisers  (narrow  slits,  notches,  gaps, 
contact  zones  in  press  fitting,  etc.  )  can  be  found  to  be  more  dangerous 
than  in  air.  An  increase  in  the  absolute  dimensions  of  a  component  from 
structural  steels  (see  Scale  Effect)  under  high  stresses  (and,  conse¬ 
quently,  a  small  number  of  cycles)  reduces  the  corrosion  fatigue 
strength,  under  lower  stresses  it  somewhat  increases  this  strength.  The 
corrosion  fatigue  strength  of  brasses  and  stainless  steels  is  reduced 
with  an  increase  in  the  component's  dimensions.  The  main  means  for  in¬ 
creasing  the  corrosion  fatigue  strength  are  increasing  the  corrosion 
resistance  in  the  given  medium  by  application  of  metallic  and  nonmetal- 
lic  coatings,  theremodiffusion  coatings,  which  are  created  by  casehard¬ 
ening  the  component's  surface,  electrochemical  p  otection  by  zinc  or 
magnesium  protective  agents  or  by  applying  an  external  current.  In  the 


Pig.  3.  Effect  of  the  cathode  current  on  the  corrosion  fatigue  strength 
of  specimens  from  35  steel  when  tested  in  a  solution  of  NaCl.  l) 

P  2 

Amps/declmeter ;  2)  corrosion  fatigue  limit,  kg/nm  . 


latter  case  the  reduction  in  strength  due  to  corrosion  can  be  entirely 
eliminated  by  increasing  the  density  of  the  applied  current  (Pig.  3)* 
Nonmetalllc  coatings  lose  their  protective  properties  with  time,  are 
easily  damaged  by  mechanic.  cts,  which  can  result  in  a  sharp  re¬ 

duction  in  the  corrosion  fatigue  resistance.  Anode  coatings  (i.e. , 
those  that  have  a  more  negative  electrode  potential  than  the  metal  be- 
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Form  of 
protection 

Methods  for  Protecting 
from  Reducing  the  Fatigue 
Strength  upon  Simultane¬ 
ous  Corrosion  Attack 

Medium 

Degree  of 
protection  C{%) 

Potable  Sea 
water  (salt) 

water 

Nonmetallic 

coatings 

Bakelite  varnish 

— 

100 

Ethynol  varnish  with  aluminum 

- 

A  - 

m • 

BO 

Iron  medium-based  ethnol  var¬ 
nish 

- 

80 

Rubber  coating 

— 

93 

Polyethylene 

— 

78 

Enamel  paint 

- 

50 

Asbovinyl 

- 

23 

Bituminous  coatings 

- 

0 

Anodic 

Galvanizing 

90-100 

85-95 

Zinc  metallizing 

— 

90-95 

Hot  zinc  coating 

60 

95 

Aluminum  metallizing 

- 

80 

Electrolltlc  cadmium  plating 

20-75 

40-70 

Cathodic 

Metallizing  brass  coating 

- 

25 

Metallizing  coating  by  the 
lKhl8N9T  stainless  steel 

— 

0 

Bright  chromizing  without 
tempering 

16 

15 

Metallic 

coatings 

Bright  chromizing  with 
tempering  at  6fj0* 

— 

5 

Satin  chromizing  with  and 
without  tempering 

— 

25 

Satin  chromizing  with  a 
nickel -copper  sublayer 

— 

25 
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Methods  for  Protecting 
from  Reducing  the  Fatigue 
Strength  upon  Simultane¬ 
ous  Corrosion  Attack  (Con¬ 
tinued) 


Form  of 

Protection 

Medium 

Degret  of 
protection  C($G) 

Potable 

water 

Sea 

(salt) 

water 

Metallic 

coatings 

(continued) 

Bright  chromizing  with  tem¬ 
pering  at  650°  and  M cooking 
through"  in  oil 

— 

70 

Electrolitic  copper  coating 

-72 

-32 

Electrolitic  tin  coating 

45 

14 

Electrolitic  nickel  coating 

34 

5 

Electrolitic  chromium  coating 
with  a  nickel  sublayer 

50 

25 

Casehardening 

Thermodiffusion  zinc  coating 

- 

100 

Anticorrosion  nitriding 

80-200 

60 

Siliconizing 

15 

- 

Cyanlzlng 

2 

- 

Electrochemical 

protection 

Sacrificial  protection  with 
zinc 

80 

60 

Sacrificial  protection  with 
magnesium 

— 

80 

Cathodic  protection  with  an 
external  current 

- 

100 

Treating  the 
medium 

Addition  of  corrosion  retard¬ 
ing  agents 

90-100 

40-67 

Addition  of  up  to  1J5  of  oil 
to  the  medium 

50-70 

- 

Combined  protec¬ 
tion  methods 

Electrolitic  zinc  coating  pre¬ 
ceded  by  surface  hardening  by 
high-frequency  currents 

- 

200 

Sacrificial  protection  with 
zinc  and  shot  peening 

— 

106 
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Methods  for  tec ting 

from  Reducing  the  Fatigue 
Strength  upon  Simultane¬ 
ous  Corrosion  Attach  (Con¬ 
tinued  ) 


Form  of  Degree  of 

Protection  Medium  protection  C(%) 


Potable 

water 

Sea 

(salt) 

water 

Combined  protec¬ 
tion  methods  (Con¬ 
tinued) 

Sacrificial  protection  with 
zinc  with  surface  hardening 
by  high-frequency  currents 

- 

210 

Sacrificial  protection  with 
magnesium  with  shot  peening 

— 

113 

Enamel  paint  after  aluminum 
metallizing 

— 

98 

Metallizing  by  the  lKhl8N9T 
stainless  steel  after  harden¬ 
ing  burnishing  of  the  main 
steel  product  (shaft). 

— 

40-60 

lng  protected)  are 

most  reliable  from  among  mechanical 

coatings. 

since 

the  protective  electrochemical  effect  does  not  cease  even  due  to  occa¬ 
sional  mechanical  damage  (appearance  of  discontinuities).  Electrode- 
posited  catnodic  (i.e. ,  with  an  electrode  potential  which  is  more  posi¬ 
tive  than  the  base  metal)  coatings  for  steels,  i.e.,  chromium,  nickel, 
copper,  tin,  are  unreliable  attendant  to  submerging  in  potable  and  the 
more  so  sea  water.  The  degree  of  protection  from  corrosion  fatigue  can 
be  estimated  by  the  coefficient  C  for  different  protection  methods. 

The  corrosion  fatigue  strength  is  substantially  Increased  even 
when  compressive  residual  stresses  are  created  in  the  surface  areas  of 
the  body  with  simultaneous  surface  hardening.  Combined  methods,  which 
make  use  of  a  combination  of  various  kinds  of  surface  hardening  (me¬ 
chanical,  heat  treatment,  and  casehardening)  with  various  corrosion 
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protection  measures  (nonmetallic  and  anodic  metallic  coatings,  sacrifi¬ 
cial  coatings,  cathodic  polarization  by  external  current,  etc.)* 

References:  Glikman,  L.A. ,  Korrozionnonmekhanichskaya  prochnost' 
metallov  [Corrosion-Mechanical  Strength  of  Metals],  Moscow -Leningrad, 
1955*  Glikman,  L.A.  [et  al. ],  "Tr.  Tsentr.  n. -i.  in-ta  morskogo  flota" 
[Trans,  of  the  Central  Scientific  Research  Institute  of  the  Maritime 
Fleet],  Issue  5,  1956;  Issue  22,  1$59;  Tomashov,  N.D. ,  Teoriya  korrozil 
i  zashchity  metallov  [Theory  of  Corrosion  ana  Protection  of  Metals], 
Moscow,  1959;  Ryatchenkov,  A.  V.  ,  Korrozionnc-ustalostnaya  prochnost* 
stall  [Corrosion  Fatigue  Strength  of  Steel],  Moscow,  1953* 

Ya. B.  Fridman 
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CORROSION  OP  ALUMINUM  ALLOYS.  Aluminum  is  a  very  electronegative 
matal  of  the  more  active  class,  due  to  its  position  in  the  electromo¬ 
tive  series.  The  corrosion  resistance  of  aluminum  increases  significant¬ 
ly  as  a  result  of  the  formation  of  a  tight  oxide  film  on  its  surface. 

An  oxide  film  (AlgO^)  with  a  thickness  of  up  to  50-200  A  is  formed  on 
the  surface  of  aluminum  even  at  room  temperature.  Each  damage  to  the 
surface  of  this  film  result*  in  a  reduction  of  the  corrosion  resistance; 
this  reduction  occurs  in  the  aluminum  alloys  upon  whose  surface  wuch  a 
continuous,  tight  and  homogeneous  film  as  that  of  aluminum  cannot  form, 
owing  to  the  heterogeneous  structure  of  the  alloys.  Thus,  the  effect 
of  the  diverse  corrosive  media  depends  primarily  on  the  behavior  of 
the  oxide  film  in  this  medium  and  on  the  type  of  the  chemical  reac¬ 
tions  which  occurs  in  this  medium  in  the  case  of  corrosion. 

The  main  types  of  a  corrosive  destruction  of  aluminum  alloys  are 
subdivided  into  uniform  and  nonuniform  corrosion.  Nonuniform  corrosion, 
in  turn,  is  subdivided  into  pit  corrosion  (saucer- shaped  pit,  point  and 
pit  corrosion)  and  intergranular  corrosion  which  sometimes  occurs  in 
the  form  of  a  laminating  corrosion.  Mixed  tvpes  of  corrosion,  a  pit 
corrosion  combined  with  an  intergranular  one,  for  example,  etc.,  occur 
frequently. 

The  decrease  of  the  mechanical  properties  largely  depends  on  the 
type  of  the  corrosive  destruction,  i.e.,  on  the  nature  of  its  propaga¬ 
tion  on  the  surface  or  into  the  body  of  the  corroded  metal  (alloy).  The 
relation  between  the  individual  types  of  corrosion  and  the  mechanical 
properties  is  shown  in  Fig.  1  for  the  Dl6  alloy,  as  an  example.  The 
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lowest  decrease  of  the  mechanical  properties  corresponds  to  the  uniform 
corrosion,  and  the  highest  one  to  the  intergranular  corrosion,  with  the 
same  loss  in  weight,  i.e.,  with  a  similar  material  effect  of  the  corro¬ 
sion. 


Fig.  1.  Effect  of  the  various  types  of  corrosive  destruction  on  the  loss 
in  strength  of  the  nonplated  Dl6  alloy  (a  0.7  mm  thick  sheet).  1)  Loss 
in  o.,  2)  loss  in  weight,  mg/cm2 ;  3)  uniform;  4)  pitting;  3)  inter- 

g  ranfilar. 

The  aluminum  alloys  are  subdivided,  according  to  their  method  of 
production,  into  malleable  and  casting  alloys,  and  sintered  aluminum 
powders  (SAP)  or  sintered  aluminum  alloys  (SAS). 

Corrosion  resistance  of  the  malleable  aluminum  alloys.  It  is  ex¬ 
pedient  to  subdivide  the  malleable  aluminum  alloys  into  two  large 
groups  with  regard  to  their  corrosion  resistance:  1)  alloys  with  a  re¬ 
latively  high  corrosion  resistance;  all  alloys  with  a  low  and  medium 
strength  which  do  not  contain  copper,  and  the  plated  alloys  of  the 
systems  Al-Cu-Mg  and  Al-Zn-Mg-Cu  belong  to  this  group;  2)  copper  con¬ 
taining  alloys  with  a  low  corrosion  resistance.  All  nonplated  alloys  of 
the  Duralumin  type  Al-Cu-Mg,  belong  to  this  group;  2)  copper  containing 
alloys  with  a  low  corrosion  resistance.  All  nonplated  alloys  of  the 
Duralumin  type  Al-Cu-Mg,  the  high-strength  alloys  of  the  Al-Zn-Mg-Cu 
system,  the  forging  alloys  of  the  Al-Cu-Mg-Si  system,  and  the  heatproof 
alloys  of  the  Al-Cu-Mn  and  Al-Cu-Mg-Fe-Ni  systems  belong  to  this  group. 

The  corrosion  resistance  of  alloys  not  containing  copper  (of  low 
or  mean  strength).  All  alloys  of  low  and  medium  strength  possess  a  rela¬ 
tively  high  corrosion  resistance  and  are  suitable  for  severe  severe 
working  conditions  (sea,  tropics).  The  alloys  with  a  low  strength,  pure 
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aluminum,  AMts,  and  AMg,  and  the  AMg3  alloy  with  a  medium  strength  are 
easily  welded  by  all  welding  methods;  their  corrosion  resistance  does 
not  depend  on  the  state  of  the  material  (tempered,  cold  hardened)  nor 
on  the  heatings  during  production  or  in  service.  The  corrosion  resist¬ 
ances  of  the  welded  and  nonwelded  Joints  are  similar.  The  high  corro¬ 
sion  resistances  of  the  welded  find  nonwelded  joints  are  similar.  The 
high  corrosion  resistance  of  the  alloys  AMg5  and  AMg6  of  the  Al-Mg 
system  is  a  result  of  their  structure  and  stability  after  subsequent 
heatings  (within  60-200°,  during  production  and  in  service).  It  is  well 
ki* own  that  the  homogeneous  state  of  the  Al-Mg  alleys  containing  5#  and 
more  magnesium  has  the  highest  corrosion  resistance.  This  homogeneous 
state,  however,  is  unstable,  and  a  decomposition  of  the  oversatui'ated 
solid  solution,  resulting  in  an  adverse  segregation  of  the  0-phase  on 
the  grain  boundaries,  occurs  even  at  a  minimal  Increase  of  temperature 
(60-70°)  when  maintained  for  an  appropriate  time;  the  alloy  becomes 
susceptible  to  stress-  and  intergranular  corrosions.  The  tendency  of 
the  supersaturated  solid  Al(Mg)  solution  to  decompose  Increases  even 
further  when  cold  deformation  has  preceded  the  heating.  A  stable  state 
of  the  material,  resistant  to  cold  hardening  and  heating,  can  be  ob¬ 
tained  only  when  certain  working  conditions  are  strictly  observed,  i.e. 
tempering  at  325-350°  before  the  cold  rolling,  and  final  tempering  in 
the  310-335°  range.  The  corrosion  resistance  of  the  welded  joints  of 
the  ANg5  and  ANg6  alloys  is  similar  to  that  of  the  nonwelded  Joint.  It 
is  reduced  when  the  material  is  heated  above  100°  after  the  welding, 
owing  to  the  proneness  to  corrode  intergranularly  in  the  transition 
zone.  Objects  welded  from  AMg5  and  AMg6  alloys  do  not  undergo  a 
cracking  corrosion  under  stresses. 

The  corrosion  resistance  of  the  AD31,  AD33»  A035  and  AV  alloys  of 
the  Al-Mg-Si  system  depends  essentially  on  the  ratio  of  magnesium  to 
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silicon  in  the  alloy.  Hence,  the  AV  alloy  possesses  a  lower  corrosion 
resistance  in  the  naturally  anu,  especially,  in  the  artificially  aged 
state  than  the  AD31  and  AD33  alloys.  The  coirosion  resistance  of  the 
naturally  aged  AV  alloy  is  higher  than  that  of  the  artificially  aged 
one,  owing  to  the  presence  of  copper,  even  in  very  small  quantities,  in 
the  alloy.  An  increasing  loss  of  the  mechanical  characteristics,  espec¬ 
ially  of  the  elongation,  during  the  corrosion  process  can  be  observed 
when  the  copper  content  is  increased,  owing  to  the  intense  development 
of  intergranular  corrosion  (Pig.  2).  Hence,  the  copper  content  in  the 
AV  alloy  must  be  limited  at  0.1 %  for  use  under  severe  service  condi¬ 
tions.  The  corrosion  resistance  of  the  AD25  alloy  is  somewhat  higher 
than  that  of  the  AV  alloy  because  the  former  does  not  contain  copper. 
The  AD31  and  AD35  alloys  possess  a  higher  corrosion  resistance  in  the 
naturally  and  artificially  aged  state.  The  AD31  alloy  is  characterized 
by  a  better  workability;  it  is  more  easily  polished  and  has  a  better 
decorative  appearance.  The  Joints  of  AD31,  AD33,  and  AD35  alloys  welded 
by  fusion-welding,  possess  a  corrosion  resistance  nearly  equal  to  that 
of  the  nonwelded  Joints.  Welded  Joints  of  the  AV  alloy  show  a  higher 
loss  in  strength  than  the  nonwelded  Joints. 

All  alloys  of  the  Al-Mg-Si  system,  in  both  the  welded  and  non¬ 
welded  state,  do  not  Incline  to  a  corrosive  cracking  under  stresses. 
Their  corrosion  resistance  does  not  change  after  heating,  during  pro¬ 
duction  or  in  service. 

The  V92  alloys  of  the  Al-Zn-Mg  system  possesses  the  highest  me¬ 
chanical  properties  of  all  the  alloys  of  &  medium  strength,  but  its 
corrosion  resistance  is  lower.  The  resistance  to  stress  corrosion  of 
the  V92  alloy  and  of  its  welded  Joints  depends  primarily  on  the  heat 
treatment,  the  cold  hardening  and  the  supplementary  heatings  (during 
production  or  in  service).  The  V92  alloy  and  its  welded  Joints  have  a 
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high  stress-corrosion  resistance  in  the  naturally  aged  state.  A  supple¬ 
mentary  cold  hardening  after  tempering  and  artificial  aging  significant¬ 
ly  reduces  its  resistance  to  stress  corrosion.  Supplementary  heatings 
at  70°  for  1000  hours  and  also  at  higher  temperatures  have  also  an  ad¬ 
verse  effect  (Pig.  3). 


Pig.  2.  Drop  in  the  a.  and  <5  of  the  AV  alloy  during  6  monts  of  corro¬ 
sion  by  spraying  witna  3#  NaCl  solution.  1)  Losses  in  ab  and  5,  %. 


Fig.  3.  Stress-corrosion  resistance  of  the  V92  alloy  (a  2  nun  thick 
sheet)  in  a  3#  NaCl  solution  under  alternating  loads:  1)  Welded;  2) 
nonwelded.  A)  Destruction  time  in  days:  B)  cold  hardening;  C)  without 
heating;  D)  natural  aging;  E)  hours;  F)  artificial  aging. 


The  corrosion  resistance  of  copper  containing  alloys.  All  alloys 
of  this  group,  except  plated  sheets  of  the  Al-Cu-Mg  and  Al-Zn-Mg-Cu 
systems,  possess  a  reduced  corrosion  resistance  and  require  a  protec¬ 
tion  against  corrosion.  It  is  not  recommended  that  they  be  used  under 
maritime  conditions. 

The  alloys  Dl,  Dl8,  V65,  Dl6,  D6,  D19,  M40,  and  VD17  belong  to  the 

Al-Cu-Mg  system.  Ihe  Dl,  D16,  D19,  and  M^o  alloys  are  deliverable  in 
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sheets.  Pure  aluminum  is  used  for  the  plating  layer.  The  sheets  have 
plating  layers  of  various  thicknesses:  the  thickness  of  the  plating 
layer  on  each  side  is  about  4#  of  the  sheet  thickness  for  sheets  with  a 
thickness  up  to  2. 5  mm  inclusively;  it  is  about  2%  on  sheets  which  are 
thicker  than  2. 5  mm  (the  absolute  thickness  of  the  plating  layer  is 
less  on  thin  than  on  thick  sheets).  The  diffusion  of  the  copper  from 
the  core  of  the  sheet  into  the  plating  layer  during  heat  treatment  is 
one  of  the  major  factors  adversely  effecting  the  corrosion  resistance 
of  the  plated  sheets.  Therefore,  the  sheets  with  a  thickness  of  0.3-0. 7 
mm  have,  as  a  rule,  a  reduced  corrosion  resistance  owing  to  the  thor¬ 
ough  diffusion  of  the  copper  from  the  core  into  the  plating  layer. 
Sheets  of  the  Dl6  alloy  with  a  thicKness  of  from  0. 5  to  4  mm  and  an  in¬ 
creased  corrosion  resistance  (the  thickness  of  the  plating  layer  is  8# 
on  each  side)  are  produced  according  to  a  special  TU.  Plated  sheets  of 
the  Dl,  Dl6,  D19,  and  M40  alloy  have  an  almost  equal  corrosive  resist¬ 
ance.  Besides  its  mechanical  protection,  aluminum  plating  also  pro¬ 
vides  a  chemical  portectlon  against  corrosion  in  all  these  alloys.  Tiie 
type  and  conditions  of  the  heat  treatment  is  an  important  factor  in¬ 
fluencing  the  corrosion  resistance  of  alloys  which  are  hardened  by  heat 
treatment. 

The  alloys  of  the  Al-Cu-Mg  system  show  the  best  corrosion  resist¬ 
ance  in  hardened  and  in  naturally  aged  state.  Corrosion  resistance  is 
reduced  owing  to  a  proneness  to  corrode  intergranularly  and  to  crack 

unier  stress,  when  these  materials  are  heated  higher  than  100*.  The 
proneness  to  corrode  intergranularly  after  alloys  of  the  Duralumin  type 
have  been  heated  depends  on  their  phase  composition. 

The  alloys  \65»  Dl8,  Db  and  D16  with  the  phase  composition  (a  + 
CuA12  of  a  t  CuAl2  +  S)  possess  a  greater  proneness  t.o  corrode  inter¬ 
granularly  than  the  alloys  D19#  VD17,  and  M40  with  the  phase  compost- 


tidn  (a  +  S).  Objects  having  a  large  cross  section,  pressed  from  Dl6, 
undergo  (especially  in  the  middle  part  of  the  cross  section)  an  inter¬ 
granular  corrosion  and  cracking  stress-corrosion  in  the  hardened  and 
artificially  aged  state  owing  to  the  delayed  cooling  during  the  hard¬ 
ening  process.  The  loss  in  strength  caused  by  corrosion  of  specimens  of 
Dl6  alloy  cut  out  from  different  cross  sections  (the  scheme  of  the  cuts 
is  shown  in  Pig.  5)  is  given  in  Fig.  4.  The  quoted  data  prove  that  the 
specimens  taken  from  the  extremity,  i.e.,  from  the  thinnest  part  of  the 
profile,  show  a  minimum  loss  of  strength.  Specimens  taken  from  the 
massive  part  of  the  profile  (cross  section  2)  have  a  significantly 
higher  less  «f  strength.  The  microscopic  investigation  revealed  a  dif¬ 
ferent  type  of  corrosive  destruction:  a  strong  intergranular  corrosion 
in  the  cross  section  2,  and  the  absence  of  intergranular  corrosion  in 
the  extremity.  The  same  semifinished  products,  made  from  M40  and  D19 
alloys,  do  not  undergo  an  intergranular  and  stress-corrosion  in  the 
massive  part  of  the  profile.  The  corrosion  resistance  of  specimens 
of  the  M40  and  D19  alloys,  taken  from  the  massive  part  of  the  profile, 
is  similar  to  the  corrosion  resistance  of  specimens  of  the  Dl6  alloy 
taken  from  the  thin  part  of  the  profile.  Heating  at  150°  for  40-60 
minutes  results  in  an  increased  proneness  of  the  V65,  Dl8,  Dl,  and  Dl6 
alloys  to  corrode  intergranularly,  but  does  not  incline  the  alloys  D19 
and  M4o  to  corrode  in  such  a  manner.  Microphotographs  of  tests  for  the 
tendency  to  corrode  intergranularly  of  rivets  made  from  V65,  Dl8,  Dl6, 
and  D19  alloys  after  heating  at  150®  for  45  minutes  are  shown  in  Fig.  6. 

The  alloys  Dl6,  D19,  M40,  and  VD17  of  the  Al-Cu-Mg  system  are  used 
as  heat-resistant  alloys.  The  D16  alloy  must  be  utilized  in  the  artifi¬ 
cially  aged  state  for  service  in  parts  having  working  temperatures  of 
150°  and  above.  The  employment  of  the  Dl6  alloy  in  the  artificially  aged 
state  is  necessitated  by  the  fact  that  artificial  aging  prevents  nearly 
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all  the  reduction  of  corrosion  resistance,  caused  by  heatings  during 
service,  and  prevents  also  the  recovery  phenomenon  (see  Aging  of  Alu¬ 
minum  Alloys)  which  occurs  when  Dl6  is  used  in  its  naturally  aged  state. 


Fig.  4.  Loss  in  ultimate  strength  of  Dl6  specimens  after  corrosion  in  a 
3 %  NaCl  +  0.1#  HgOg  solution  for  10  days.  1)  Loss  in  o.,  2)  border¬ 

ing;  3)  cross  section  no. 


Fig.  5.  Scheme  of  the  cutting  out  of  the  specimens.  1)  Extremity;  2) 

cross  section  no. 


Fig.  6.  Microphotographs  of  rivets  from  the  alloys  Vt>5  (a);  DlS  (b); 
Dio  (c),  and  D19  (d)  heated  at  150°  for  4S  minutes  and  tested  for  the 
tendency  to  corrode  intergranular!/  in  a  3#  NaCl  solution  +  1%  HC1  for 
48  hours.  (1*ie  mlcrosections  are  not  pickled;  .magnification  by  100 
times.  ) 
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Artificial  aging  of  sheet  material  at  190°  for  11-13  hours,  and 
that  of  pressed  material  at  190®  for  6-8  hrs  ensures  a  corrosion  re¬ 
sistance  nearly  equal  to  that  of  the  naturally  aged  state  and  also  a 
stable  corrosion  resistance  after  heating  in  service  (Table  1). 

TABLE  1 

Corrosion  Resistance  of  a  Pressed 
Angle  Profile  (2  mm  thick  border¬ 
ing)  from  the  Dl6  Alloy* 
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*  Tested  in  a  3$6  Nad  +  0. 1 %  H20o 
solution  for  2  months.  c 

1)  Aging  conditions;  2)  temperature 
and  time  of  heating;  3)  loss;  4) 
natural  aging;  5)  without  heating; 

6)  hours;  7)  artificial  aging  at 
190°  for  6  hours. 

The  alloys  D19  and  M40  may  be  employed  after  both  natural  and 
artificial  aging  for  service  in  designs  working  at  elevated  tempera¬ 
tures.  The  corrosion  resistance  does  not  change  after  heating  in  those 
states.  Table  2  gives  the  corrosion  resistance  of  the  D19  alloy  in  the 
naturally  and  artificially  aged  state  as  a  result  of  the  duration  and 
temperature  of  the  heating.  In  the  form  of  pressed  and  stamped  pieces, 
the  VD17  alloy  can  be  employed  only  in  the  artificial  aged  state.  Its 
corrosion  resistance  is  higher  than  those  of  the  AK3  and  AK4-1  alloys. 

The  heat-resistant  alloys  VAPi  and  M**0  can  be  readily  welded  by 
fusion  and  are  also  used  in  the  welded  stace.  The  corrosion  resistance 
of  the  welded  joints  and  of  the  transition  con-*  of  these  alloys  is  re¬ 
duces  owing  to  the  tendency  to  corrode  intergranularly.  Heat  treatment 
(hardening  and  aging)  after  welding  almost  entirely  counteracts  the 


I-112KV 

tendency  ol’  the  welded  joints  to  undergo  intergranular  corrosion.  Weld¬ 
ed  objects  (made  by  fusion  welding)  from  VAD1  and  M40  alloys  require  a 
reliable  protection  against  corrosion  owing  to  their  reduced  corrosion 
resistance;  it  is  not  recommended  that  they  be  used  under  martime  con¬ 
ditions. 

The  high-strength  alloys  V95,  V96,  V93»  and  V94  of  the  Al-Zn-Mg-Cu 
system  have,  in  contrast  to  the  alloys  of  the  Duralumin  type,  a  low 
corrosion  resistance  (laminating  corrosion)  and  a  very  low  resistance 
to  stress  corrosion.  All  alloys  of  this  system,  therefore,  are  used 
only  in  the  artificially  aged  state  under  conditions  which  ensure  an 
adequate  high  resistance  to  stress  corrosion.  The  V95  alloy,  a  typical 
representative  of  this  group,  is  widely  used  in  the  form  of  sheets,  and 
of  pressed  and  forged  objects.  The  sheets  are  plated  with  an  aluminum 
alloy  containing  1#  zinc  to  increase  corrosion  resistance.  The  plating 
also  protects  the  core  of  the  V95  alloy  against  cracking  corrosion  after 
artificial  aging  at  120°  for  24  hours,  which  also  ensures  optimum  me¬ 
chanical  properties.  The  corrosion  resistance  of  plated  sheets  of  the 
\95  alloy  is  similar  to  that  of  the  plated  Dl6  sheets.  Pressed  semi¬ 
finished  products  of  the  V95  alloy  are  used  after  artificial  aging  un¬ 
der  conditions  which  ensure  an  optimum  corrosion  resistance  (140°  for 
16  hrs,  or  in  a  step-by-step  method).  Pressed  semifinished  products  of 
the  795  alloy  have  the  same  corrosion  resistance  in  the  stressed  and 
nonrtressed  state  as  the  semifinished  products  of  the  Dl6  alloy.  The 
processing  conditions  have  a  decisive  influence  the  stress-corrosion 
resistance  of  pressed  and  forged  semifinished  7*5  products  with  large 
cross  sections.  An  increased  degree  of  the  total  deformation  (obtained 
by  forging  or  pressing  the  blanks  results  in  an  increased  stress-cor¬ 
rosion  resistance.  Large  forged  pieces  have  a  reduced  stress-corrosion 
resistance  in  transverse  direction  (to  the  height  of  the  forged  piece). 
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The  forging  alloy  V93  has  a  somewhat  higher  stress-corrosion  resistance 
in  large  cross  sections  than  the  V95  alloy,  when  aged  artificially  by  a 
step-by-step  method.  The  V95  alloy  is  used  in  the  form  of  pressed  and 
stamped  semifinished  products.  It  has  an  increased  proneness  to  undergo 
stress  corrosion  in  comparison  to  the  V95  alloy,  owing  to  the  higher 
zinc  content.  This  fact  limits  its  application.  The  riveting  alloy  V94 
has  the  same  corrosion  resistance  as  the  V65  alloy,  supplementary  heat¬ 
ing  at  120-150°  does  not  cause  a  tendency  to  corrode  intergranularly. 

The  alloys  AK6  and  AK8  of  the  Al-Cu-Mg-Si  system  are  widely  used 
in  the  production  of  forged  and  stamped  pieces;  they  are  employed  in 
the  artificially  aged  state  under  conditions  which  ensure  maximum  me¬ 
chanical  properties.  In  this  state,  the  alloys  incline  to  undergo  inter¬ 
granular  corrosion  or  cracking  stress-corrosion;,  they  must,  therefore, 
be  adequately  protected  against  corrosion.  The  corrosion  resistance  of 
the  AK6  and  AK8  alloys  in  the  naturally  aged  state  is  somewhat  higher 
and  comparable  to  that  of  the  Dl6  alloy. 

The  heat-resistant  alloys  D20,  B21,  and  VAD23  of  the  Al-Cu-Mn 
system  are  characterized  by  a  high  copper  content  (5-6$),  and  this  fact 
explains  their  reduced  corrosion  resistance.  Sheets  and  pressed  semi¬ 
finished  products  are  made  from  the  D20  and  VAD23  alloys.  The  sheets 
are  plated  with  pure  aluminum  to  increase  corrosion  resistance.  The  cor¬ 
rosion  resistance  of  the  plated  D20  and  VAD23  sheets  is  lower  than  that 
of  plated  sheets  of  the  ouralumin-type  alloys  owing  to  the  more  intense 
diffusion  of  the  copper  from  the  core  into  the  plating  layer.  These 
alloys  are  used  -  after  having  been  artificially  aged  -  unuer  conditions 
which  ensure  an  optimum  corrosion  resistance.  The  D20  alloy,  aged  arti¬ 
ficially  under  conditions  which  ensure  the  optimum  mechanical  proper¬ 
ties,  is  prone  to  undergo  intergranular  corrosion  and  cracking  stress- 
corrosion.  The  D20  alloy  is  weldable  by  argo:i-arc  welding.  The  corro- 
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sion  resistant.  of  the  welded  joints  and  of  the  transition  zone  is  low 
as  they  are  prone  to  corrode  intergranularly.  The  proneness  of  the 
transition  zone  of  welded  products  from  D20  to  undergo  intergranular 
corrosion  is  somewhat  greater  than  that  of  the  heat-resistant  and  weld¬ 
able  VAD1  and  M40  alloys.  It  is  not  recommended  that  alloys  of  the  VI- 
Vu-Mn  system  be  used  under  maritime  conditions. 

The  corrosion  resistance  of  the  heat-resistant  alloys  AK2,  AK4,  and 
AK4-1  of  the  Al-Cu-Mg-Fe-Ni  system  is  by  far  lower  than  that  of  the 
copper-containing  aluminum  alloys,  owing  to  the  addition  of  nickel  and 
iron  to  the  alloys.  These  alloys  are  used  in  the  artificially  aged 
state  under  conditions  which  ensure  the  optimum  mechanical  properties; 
this  results,  however,  in  a  proneness  to  undergo  stress-corrosion. 

These  alloys  must  be  adequately  protected  against  corrosion  during  their 
service.  As  a  rule,  all  malleable  aluminum  alloys  are  anodized  (see 
Anodized  Aluminum  Alloys)  or  chemically  oxidized  (see  Chemical  Oxida¬ 
tion  of  Aluminum  Alloys)  in  order  to  protect  them  against  corrosion, 
and,  depending  on  the  service  conditions,  they  receive  supplementary 
protection  by  a  number  of  paint  and  varnish  coatings. 

The  corrosion  resistance  of  casting  aluminum  alloys.  Among  the 
standardized  casting  aluminum  alloys,  the  alloy  AL8  of  the  Al-Mg  system 
possesses  the  highest  corrosion  resistance  against  air  and  salt  water. 
The  alloys  AL13,  AL23  of  the  Al-Mg-Si  system,  and  the  VL15  alloy  of  the 
Al-Mg-Zn  system  also  belong  to  the  corrosion- resistant  alloys.  Silumin, 

both  eutectoid  (A12  alloy)  and  hypoeutectoid,  is  characterized  by  an 
adequately  high  corrosion  resistance  when  it  does  not  contain  copper 
(AL4  and  AL9  alloys),  but  its  corrosion  resistance  is  inferior  to  that 
of  the  alloys  of  the  Al-Mg  system.  All  these  alloys  may  be  used  under 
severe  service  conditions.  The  copper- containing  casting  aluminum  alloys 
AL5,  AL?',  AL19,  etc.,  possess  a  relatively  low  corrosion  resistance. 
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The  zinc-containing  Silumin  ALII  also  has  a  reduced  corrosion  resist¬ 
ance.  The  corrosion  resistance  of  casting  aluminum  alloys  depends  on 
the  chemical  composition  and  on  the  compactness  of  the  ingot.  Porous 
ingots  are  markedly  less  resistant  to  corrosion.  An  appropriate  pro¬ 
tection  is  selected,  depending  upon  the  degree  of  porosity  of  the  in¬ 
gots.  The  casting  aluminum  alloys  are  protected  against  corrosion  by 
anodizing  or  by  chemical  oxidation  and  by  paint  and  varnish  coatings. 

The  corrosion  resistance  of  the  SAP  and  SAS.  There  exist  two 
grades  of  SAP:  SAP-1  and  SAP-2,  which  differ  in  their  alumina  content. 
The  corrosion  resistance  of  SAP-1  and  SAP-2  is  high,  it  does  not  de¬ 
pend  on  the  alumina  content  {up  to  17$)  and  is  comparable  with  the 
corrosion  resistance  of  pure  aluminum.  These  materials  are  not  prone 
to  undergo  intergranular  and  stress  corrosion.  The  SAS-1  material  con¬ 
tains  30#  Si  and  7%  Ni;  its  corrosion  resistance  is  significantly  lower 
than  that  of  the  AK4  alloy.  In  the  junction  of  parts  from  different 
metals  and  alloys  in  a  design,  it  must  be  taken  into  account  that  a 
contact  with  a  more  electropositive  metal  promotes  the  development  of 
the  corrosion  of  aluminum  alloys.  A  contact  with  copper  or  its  alloys, 
with  nickel,  nickel  coatings,  and  also  with  silver  involves  a  maximum 
increase  of  the  corrosion  of  aluminum  alloys  in  natural  a  ....osphere.  Con¬ 
tacts  with  structural  steels,  cadmium,  zinc,  chromium,  lead,  titanium, 
magnesium,  and  stainless  steel  are  permissible  in  natural  atmosphere. 
Contacts  with  copper  and  its  alloys,  stainless  steel,  titanium  and  its 
alloys,  nickel  and  nickel  coatings,  tin  and  tin  coatings,  lead,  silver, 
magnesium  and  its  alloys  are  not  permissible  for  aluminum  alloys  used 
under  salt  or  fresh  water.  A  contact  of  aluminum  alloys  with  zinc  and 
zinc  coatings,  cadmium  and  cadmium  coatings,  and  with  pure  aluminum  is 
harmless.  A  contact  between  aluminum  alloys  of  different  chemical  com¬ 
position  is  also  permissible.  An  anodic  film  does  not  curb  the  harmful 
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effect  of  cathodic  contacts  on  the  corrosion  of  aluminum  alloys. 

The  intergranular  corrosion  of  aluminum  alloys  spreads  along  the 
boundaries  of  the  crystallites  (grains)  of  the  metal  (alloy),  resulting 
in  a  loosening  of  the  connection  between  the  grains  and  in  the  destruc¬ 
tion  of  the  metal  (alloy).  The  intergranular  corrosion  is  a  dangerous 
type  of  corrosive  destruction.  It  causes  an  essential  reduction  of  the 
mechanical  properties,  of  the  plasticity  at  first.  A  material  prone  to 
corrode  intergranularly  is  also  prone  to  undergo  cracking  stress- 
corrosion.  Clear  traces  of  corrosion  are  not  always  visible  on  the  sur¬ 
face;  therefore,  the  destruction  of  a  design  may  occur  quite  suddenly. 
The  intergranular  corrosion  *is  detectable  under  the  microscope  on 
microsections  cut  from  the  corroded  object  (or  semifinished  product)  or 
on  a  polished  section  of  the  surface  of  the  piece  itself.  The  boundar¬ 
ies  of  the  crystallites  are  clearly  distinguishable  under  the  micro¬ 
scope  on  the  ncnpickled  polished  section  when  intergranular  corrosion 
is  present.  A  typical  microphotogram  of  the  intergranular  corrosion  is 
shown  in  Fig.  7.  Many  of  the  aluminum  alloys  suffer  an  intergranular 
type  of  corrosion.  This  is  most  characteristic  for  the  copper-contain¬ 
ing  alloys  (the  alloys  Dl,  Dl6,  Dl8,  D20,  V65,  AK8,  AK6,  etc.,  for  ex¬ 
ample),  and  also  for  alloys  of  the  Al-Mg  system  containing  5#  or  more 
magnesium  (AMg5  and  AMg6).  The  proneness  of  these  alloys  to  corrode 
intergranularly  is  caused  by  the  decomposition  of  the  supersaturated 
solid  solution  principally  along  the  boundaries  of  the  grains,  and  also 
by  the  type  of  the  distribution  of  the  decomposition  products.  The  de¬ 
composition  of  the  solid  solution  may  be  caused  by  heating  (artificial 
aging,  heating  during  production  and  service)  or  by  a  delayed  cooling 
during  the  hardening  process.  The  delayed  cooling  in  hardening  of  al¬ 
loys  containing  copper  (of  the  Duralumin  type)  may  occur  under  working 
conditions  when  the  semifinished  products  or  the  objects  are  kept  in 
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the  open  air  before  the  Immersion  into  the  quenching  medium,  or  when 
the  quenching  water  has  an  elevated  temperature,  or  when  special  quench¬ 
ing  media  are  used,  and  also  when  the  object  or  semifinished  product  is 
large  (has  a  great  cross  section). 

It  is  assumed  that  the  intergranular  corrosion  is  caused  principal¬ 
ly  by  the  decomposition  of  the  precipitated  phase  along  the  grain  bound¬ 
aries,  or  by  the  destruction  or  the  narrow  peripheral  zone  of  the  grain 
adjacent  to  the  boundary.  The  development  rate  of  intergranular  corro¬ 
sion  depends  primarily  upon  the  degree  of  the  discontinuity  in  the  de¬ 
composition  of  the  supersaturated  solid  solution,  on  the  type  of  the 
distribution  of  the  segregated  phase,  on  the  degree  of  dispersity  and 
on  other  factors.  The  higher  the  rate  of  intergranular  corrosion,  the 
higher  the  loss  of  the  mechanical  properties.  The  nature  and  degree  of 
the  decomposition  of  the  supersaturated  solid  solution  depend  con¬ 
siderably  upon  the  conditions  of  the  heat  treatment  (Table  3).  The  data 
of  Table  3  prove  that  hardening  in  air  (delayed  cooling)  instead  of 
hardening  in  cold  water  results  in  the  appearance  of  intergranular  cor¬ 
rosion  and  lowers  the  strength  by  6  times. 


Fig.  7.  Typical  intergranular  corrosion.  [Nonplated  sheet  of  the  Dl6 
alloy  in  artificially  aged  state  (150°  for  5  hours)].  Conditions  of  the 
corrosion:  5  days  in  a  3#  NaCl  +0.1  H^Op  solution  (the  microsection  is 
not  pickled.  Magnification  by  100  times). 

Cracking  corrosion  is  a  dangerous  type  of  corrosion  of  structural 
materials.  This  type  of  corrosive  destruction  iq  characteristic  for 
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many  of  metallic  alloys  (copper,  lead,  magnesium,  aluminum  alloys  and 
also  steel).  The  alloys  of  the  systems  Al-Zn-Mg  end  Al-Zn-Mg-Cu  (the 
alleys  V92,  V93,  V95,  and  V96)  among  the  aluminum  alloys  are  especially 

TABLE  2 

Corrosion  Resistance  of 
Non-Plated  Sheets  (1.2 
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type  of  corrosion;  4)  quenching  in  cold  water;  5)  pit;  6)  cooling  in 
water  at  ...;  7)  intergranular;  8)  the  same;  9)  cooling  in  oil;  10) 
cooling  with  a  delay  of  20  seconds  in  air;  11)  cooling  in  air;  12)  cool¬ 
ing  +  return;  13)  cooling  +  aging  at  ...  for  ...;  14)  intergranular  + 
pit  corrosion. 

threatened  by  cracking  corrosion.  Alloys  of  the  systems  Al-Cu-Mg  and  Al- 
Cu-Mg-Si  (Dl6,  AK8,  etc.)  and  the  alloys  of  the  Al-Mg  system  containing 
5#  and  more  magnesium  (AMg5,  AMg6,  AL8)  are  less  liable  to  cracking  cor¬ 
rosion.  The  proneness  to  undergo  cracking  corrosion  of  the  alloys  of 
the  Al-Cu-Mg  and  Al-Mg  systems  appears,  as  a  rule,  jointly  with  the  tend 
ency  to  corrode  intergranularly.  The  chemical  composition  of  the  alloy 
and  its  structure,  the  magnitude  of  the  stress  and  the  nature  of  the 
corrosive  medium  are  the  main  factors  which  determine  the  proneness  of 
the  alloys  to  undergo  cracking  corrosion.  Corresponding  with  this  fact, 
the  casting  method,  the  magnitude  and  type  of  deformation,  the  mode  of 
the  heat  treatment,  the  state  of  the  surface,  the  type  of  the  stressed 
state  and  the  operation  conditions  substantailly  effect  the  proneness 
to  undergo  cracking  corrosion. 

There  is  no  uniform  point  of  view  with  regard  to  the  mechanism  of 
the  cracking  corrosion.  Among  the  assumptions  expressed  by  the  different 
investigators,  it  can  be  considered  as  certain  that  the  cracking  cor¬ 
rosion  is  connected  with  the  process  of  the  partial  decomposition  of 
the  supersaturated  solid  solution,  the  distribution  of  the  decomposi¬ 
tion  products  along  the  grain  boundaries  and  a  preferentail  destruction 
of  them  in  the  given  corrosive  medium.  Hence,  the  corrosion  has  not  only 
a  selective  but  also  a  local  character,  and  cracking  corrosion  is  also 
an  intergranular  one:  the  cracks  develops  along  the  grain  boundaries.  A 
sufficient  high  (external  or  internal)  tensile  stress  is  necessary  to 
start  the  cracking  corrosion.  Compression  stresses  do  not  encourage 
cracking  corrosion.  Compression  stresses  do  not  encourage  cracking  cor- 
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rosion,  to  the  contrary,  they  Inhibit  it.  The  length  of  time  before  the 
cracking  begins  is  shortened  by  increasing  the  tensile  stresses;  this 
relation  has,  as  a  rule,  a  hyperbolic  character.  The  appearance  of 
cracking  corrosion  and  the  rate  of  its  development  depend  on  the  nature 
of  the  corrosive  medium.  Special  methods,  besides  the  usual,  common 
methods  of  preservation,  are  used  to  prevent  cracking  corrosion:  1)  In¬ 
crease  of  the  stress-corrosion  resistance  of  the  alloy  itself.  This  is 
attainable  in  the  case  of  alloys  of  the  Al-Zn-Mg  and  Al-Zn-Mg-Cu  sys¬ 
tems  by  a  correct  combination  of  the  basic  alloying  elements,  by  the 
introduction  of  special  additions  (manganese  and  chromium  for  V95),  and 
also  by  the  state  in  which  the  alloys  are  used  (V95,  for  example,  only 
in  the  artificially  aged  state,  V92,  however,  in  the  naturally  aged 
state).  Alloys  of  the  Al-Cu-Mg  system,  the  Dl6  alloy,  for  example,  re¬ 
quire  that  the  hardenin g conditions  be  strictly  observed;  the  quenching 
must  be  carried  out  quickly  in  cold  water  without  a  delay  when  the  ob¬ 
ject  is  transferred  from  the  heating  equipment  into  the  quenching  bath. 
Artificial  aging  under  fixed  conditions  must  be  carried  out  when  the 
semifinished  products  or  objects  are  exposed  to  a  heat  of  150°  or  more 
during  their  fabrication  or  service.  A  special  stabilizing  tempering  is 
necessary  for  the  alloys  of  the  Al-Mg  system  (AMg5,  AMg6).  2)  Compress¬ 
ing  stresses  are  created  in  the  surface  layers  by  treatment  with  a  blast 
of  metal  shot,  by  rolling  or  by  other  methods. 

Quick  tests  of  aluminum  alloys  in  order  to  determine  a  proneness 
to  undergo  cracking  corrosion  are  carried  out  under  the  following  con¬ 
ditions;  a)  repeated  or  continuous  immersion  into  a  3#  NaCl  solution; 
b)  spraying  of  a  3#  NaCl  solution  or  of  frssh  water  (a  0. 001#  NaCl  solu¬ 
tion  in  distilled  water)  in  a  moist  chamber;  c)  in  ambient  atmosphere 
(more  frequently  in  an  industrial  atmosphere).  The  test  with  repeated 
immersion  in  a  3%  NaCl  solution  is  the  hardest  one.  The  tests  are  car- 
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ried  out  on  special  specimens  which  are  exposed  to  tensile  stresses. 
Some  types  of  specimens  are  shown  in  Figs.  8-9. 


Fig.  8.  A  sheet 
specimen  in  the 
form  of  a  loop 
in  the  test  ap¬ 
pliance. 


Fig.  9.  A 

ring-shaped 

specimen 

(for  the 

test  of  stress- 

corrosion  in 

pipes. 


Protection  of  aluminum  alloys  against  corrosion.  Aluminum  alloys 
are  protected  against  corrosion  by  metal  coatings  (plating,  electro¬ 
plating,  metal  sputtering),  and  by  nonmetallic  coating  (oxide  films, 
paint  and  varnish  coatings,  greasing).  Plating  is  the  most  widely  used 
method  of  metallic  coating  for  the  protection  against  corrosion  of 
semifinished  products  from  high-strength  alloys.  The  plated  aluminum 
alloys  are  a  bimetal  having  a  core  from  the  alloy  itself,  which  has 
high  mechanical  properties.  Duralumin,  for  example,  covered  on  both 
sides  with  a  plating  layer,  pure  aluminum  or  an  alloy  with  a  high  cor¬ 
rosion  resistance  (near  to  that  of  pure  aluminum).  Apart  from  this,  the 
plating  also  provides  electromechanical  protection  for  the  core.  Hence, 
high  mechanical  properties  and  a  relatively  high  corrosion  resistance 
are  efficiently  combined  in  the  plated  aluminum  alloy.  The  plating  me¬ 
thod  is  widely  used  in  cur  national  industry  for  sheets  of  high-strength 
alloys.  Alloys  of  the  Duralumin  type  are  plated  by  pure  aluminum  (of 
the  A1  grade),  the  V95  alloy  is  plated  by  the  V95K  alloy  (A1  +  1$S  Zn). 
Recently,  the  plating  of  the  inside  of  pipes  has  been  introduced.  Plat¬ 
ing  is  widely  used  abroad  for  sheets,  pipes,  wires  and  rods.  Pure  alu- 
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minum,  the  alloy  6003  (of  the  AD33  type)  is  used  for  plating,  the  7072 
alloy  (A1  +  1#  Zn)  is  also  frequently  employed. 

Electroplating  of  aluminum  alloys  is  used  mainly  for  preservative 
and  decorative  purposes  and  to  increase  the  wear  resistance.  Chromium 
and  nickel-chromium  coatings  (see  Chrome  Plating  of  Aluminum  Alloys. 
Nickel  Plating  of  Aluminum  Alloys)  are  used  for  these  purposes.  The  me¬ 
thod  of  protection  by  metal  sputtering  is  not  widely  used  at  the  time. 
One  of  the  main  methods  of  protecting  aluminum  alloys  is  by  oxide 
films.  The  oxide  films  are  obtained  by  chemical  (see  Chemical  Oxide 
Coating  of  Aluminum  Alloys)  or  by  electrochemical  methods  (see  Anodizing 
of  Aluminum  Alloys).  The  oxide  films  formed  by  chemical  or  electrochemi¬ 
cal  treatment  are  readily  adhesible  and  are,  therefore,  widely  used  as 
a  basis  for  coatings  of  paint  and  varnish.  Anodic  films  filled  with 
special  organic  or  anorganic  dyestuffs  are  used  for  decoration  purposes. 
Diverse  methods  of  paint  and  varnish  coatings  in  combination  with  or 
without  oxide  films  also  belong  to  the  widespread  methods  of  nonmetal- 
lic  coatings.  Protective  greases  (see  Preservation  of  Aluminum  Alloys) 
are  used  in  the  storage  and  transport  of  aluminum  alloys. 

References:  Pavlov  S. Ye.,  Korroziya  duralyumina  [The  Corrosion  of 
Duralumin],  Moscow,  19^9;  the  same,  Korroziya  alyuminiyevykh  splavov  * 
morskikh  usloviyakh  (Corrosion  of  Aluminum  Alloys  Under  Maritime  Condi¬ 
tions],  in  the  book:  Promblemy  morskoy  korrozii  (Problems  of  Hartitime 
Corrosion],  Moscow,  1951  (Tr.  Komis,  po  bor’be  s  korroziyev  (Transac¬ 
tions  of  the  Commlssarlate  for  the  Fight  Against  Corrosion]);  Akimov 
0.  V. ,  Teoriya  1  raetody  issledovaniya  kori'ozii  metallov  [Theory  and  Me¬ 
thods  of  the  Investigation  of  Metal  Corrosion),  Moscow-Leningrad,  19^5; 
Azhogin  F.  F. ,  in  the  book  Korroziya  i  zashchita  metallov  ( Corrosion  and 
Protection  of  Metals],  Moscow,  1957;  Evans,  U.  R. .  Korroziya,  passlvnost' 
i  zashchita  metallov  (Corrosion,  Passivity  and  Protection  of  Metals], 
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translated  from  English,  Moscow- Leningrad,  1941;  Pavlov  S.Ye.,  Vyyav- 
lenlye  interkristallitnoy  korrozii  alyuminiyevykh  splavov  [Determina¬ 
tion  of  the  IntercrystalJ.ine  Corrosion  of  Aluminum  Alloys],  "Zavodskaya 
laboratoriya, M  1941,  Vol.  10,  No.  4;  Pavlov  S.  Ye. ,  Ambartsumyan  S.M. , 
Mezhkristallitnaya  korroziya  alyumlniyevykh  splavov,  soderzhashchykh 
med'  [Inter crystal line  Corrosion  of  Copper-Containing  Aluminum  Alloys] 
in  the  book:  Korroziya  i  zashchlta  metallov  [Corrosion  and  Protection 
of  Metals],  Moscow,  1957;  Gilbert  P.  T.  and  Hadden  S.  E. ,  "J.  Inst. 
Metals,"  1955,  Vol.  77,  No.  3-4;  Dix  E.H. ,  "Trans.  Amer.  Soc.  Metals," 
1955,  1950,  Vol.  42;  Vosskflbler  H. ,  "Werkstoffe  und  Korrosion"  [Mater¬ 
ials  and  Corrosion],  1950,  Nc.  9,  pages  358-266;  Brenner  ,  "Aluminum," 
1953,  Vol.  3,  No.  10;  "SAE  Transactions, "  1953,  v'ol.  6l,  pages  205-209; 
Holt  N. ,  "Prod,  aigng. ,"  i960,  August,  8;  Althof  F. C. ,  "Luftfahrt-Fors- 
chung"  [Aviation  Investigations],  1938,  Vol.  15,  No.  12;  Guilhaudis  A., 
"Rev.  Aluminum,"  1955,  pages  223-224;  Vossktibler  and  Zeiger  H. ,  "Alumi¬ 
num,"  1961,  Vol.  37,  No.  7;  Zeiger  H. ,  ibid.,  Vol.  37,  No.  5. 
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CORROSION  OP  BERYLLIUM.  The  corrosion  resistance  of  beryllium, 
particularly  in  aqueous  solutions,  depends  strongly  on  the  purity  of 
the  metal,  and  most  of  all  on  the  content  of  carbide  and  slag  inclu¬ 
sions.  The  metal  produced  prior  to  1940-45  frequently  did  n^t  have  ade¬ 
quate  purity.  This  factor  must  be  considered  in  examination  of  data  on 
the  corrosion  resistance  relating  to  that  period.  Along  with  an  over¬ 
all  relatively  high  corrosion  resistance.  Be  has  a  tendency  to  local, 
pitting  corrosion.  At  30°  Be  hardly  reacts  with  water,  however  the  re¬ 
action  accelerates  with  increase  of  the  temperature.  With  temperature 
below  100°  and  exposure  up  to  a  year  the  rate  of  corrosion  levels  off 
and  amounts  to  0.0025-0.005  mm/year.  Rapid  destruction  of  the  metal 
starts  above  30C°.  The  presence  of  dissolved  oxygen  in  the  water  con¬ 
siderably  reduces  both  the  local  and  overall  corrosion.  Chlorine  ions 
accelerate  the  corrosion,  which  increases  even  more  with  dissolved  oxy¬ 
gen  in  the  water.  Pitting  corrosion  of  Be  increases  with  presence  In 
the  water  of  chlorine  sulfate,  copper.  Iron  ions.  The  corrosion  rate 
docs  not  depend  on  the  velocity  of  water  flow  (9  m/sec  for  flowing  wa¬ 
ter}.  Application  of  mechanical  loading  to  Be  also  has  no  effect.  With 
contact  of  Be  and  pure  aluminum  preferential  corrosion  proceeds  on  the 
aluminum  In  static  conditions,  on  the  beryllium  in  dynamic  conditions. 
With  contact  of  Be  with  stainless  steel  under  both  static  and  dynamic 
conditions  of  test  there  is  preferential  corrosion  of  the  Be  with  a 
rate  3-5  times  greater  than  with  noncontacting  specimens. 

Corrosion  of  Be  in  air  is  slight  up  to  600* .  The  thickness  cf  the 
uniform  and  almost  pore-free  film  of  Be  oxide  covering  a  fresh  cut  of 
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the  metal  amounts  to  1-lC  mm.  With  corrosion  there  proceeds  the  form¬ 
ation  of  the  hydroxide  of  Be  (BeO-HgO).  As  a  result  of  the  slow  hydrol¬ 
ysis  of  the  carbide  found  in  Be,  there  are  often  encountered  on  the  sur 
face  of  the  metal  scaly  delaminations  and  corrosion  products.  The  first 
noticeable  signs  of  corrosion  on  the  Be  surface  appear  after:  60  hours 

at  700°,  12  hours  at  800°  and  1  hour  at  900°.  Only  O.75#  Be  nitride  is 

found  in  the  products  of  Be  corrosion  in  air  at  1000°.  Be  nitride  forms 

at  a  temperature  above  J00°  in  oxygen-free  nitrogen.  The  previously 

formed  film  of  Be  oxide  prevents  the  interaction  of  Be  with  nitrogen  in 

the  air.  Corrosion  of  Be  in  dry  C02  up  to  600°  is  slight  after  several 

hours  exposure.  Above  this  temperature,  particularly  in  the  presence  of 

moisture,  the  rate  of  corrosion  increases  sharply  and  destruction  of 

the  metal  is  observed. 

The  corrosion  of  Be  in  molten  metals  proceeds  both  as  a  result  of 
the  ordinary  solution  of  one  metal  in  another,  and  as  a  result  of  the 
interaction  of  Be  with  the  impurities  dissolved  in  the  molten  metal 
(oxygen,  carbon,  nitrogen  and  the  metals).  As  a  result  of  several  fac¬ 
tors  which  are  difficult  to  account  for  oxygen  Content  in  melts,  hydro¬ 
static  and  thermal  peculiarities  of  the  system)  we  must  recommend  pre¬ 
liminary  corrosion  testing  on  system  models. 

In  static  tests  3e  shows  a  low  corrosion  rate  in  the  following 
molten  metals:  sodium,  gallium  and  the  eutectic  alloy  of  bismuth-tin- 
lead  up  to  500°;  bismuth,  lithium,  potassium,  sodium-potassium  alloy, 
eutectic  alloy  of  bismuth-lead  and  mercury  up  to  600°;  magnesium  to 
800°  and  lead  to  1000°.  For  example,  the  corrosion  rate  for  sodium  is 

O 

40-110  mg/dm1-  per  month.  Under  dynamic  donitions  with  high  flow  veloci¬ 
ty  of  liquid  sodium  (oxygen  content  0.01#),  no  reaction  with  Be  is  ob¬ 
served  in  the  rarge  of  380-760°.  The  Be -sodium-inconel  system  operates 
well  to  a  temperature  of  650°.  In  the  case  of  application  of  loads  to 
Be  immersed  in  molten  sodium,  the  corrosion  rates  does  not  increase  at 
540\ 
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For  the  protection  of  Be  from  corrosion  use  is  made  of  inorganic 
inhibitors  which  primarily  reduce  local  corrosion  in  water,  and  then 
protective  layers  of  corrosion -resistant  metals  and  oxides  are  applied. 
Adequately  reliable  inhibitors  are  not  available,  however  at  85°  the 
addition  of  sodium  bichromate  Na2Cr20^  in  the  amount  of  0.0005#  in  wa¬ 
ter  with  pH  =  7*5-8  makes  a  considerable  reduction  of  Be  pitting  under 
both  static  and  dynamic  conditions.  Addition  of  sodium  nitrate  in  the 
amount  of  0.0005#  to  desalted  water  with  pH  =  5. 5-6.5  also  eliminates 
pitting  of  Be  at  850.  The  corrosion  resistance  Improves  if  the  Be  is 
subjected  to  anodizing  in  a  1#  solution  of  chromic  acid  with  the  use  of 
a  graphite  or  platinum  cathode.  The  creation  of  a  strong  corrosion -re¬ 
sistant  coating  for  operation  at  elevated  temperatures  is  difficult  be¬ 
cause  of  the  tendency  of  Be  to  diffusion  and  the  formation  of  brittle 
substitution  phases.  However,  in  some  operating  conditions  several 
coatings  are  used  for  protection:  electrolytic  coating  with  nickel  for 
protection  from  corrosion  in  water  vapors  below  350° ,  chrome  plating 
over  copper  or  a  zinc  sublayer  for  protection  from  interaction  with 
molten  sodium  at  500°. 

References:  Beryllium,  edited  by  D.  White  and  J.  Burke,  transl. 
from  English,  Moscow,  i960;  Darwin  Q.E. ,  Buddery  J.H. ,  Beryllium,  L. , 
I960;  Reactor  Handbook,  ed.  by  C.R.  Tipton,  2  ed.,  v.  1  -  Materials, 

L. ,  I960;  Finniston  H.M. ,  "Research  Applied  in  Industry",  1962,  v.  15, 
No.  3,  P*  109-18;  Williams  J. ,  "Metallurgical  Reviews",  195®,  v.  3,  Ho. 
9,  p.  1-44,  N.F.  Mironov 
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CORROSION  OF  BRASS.  The  corrosion  of  brass  In  an  atmosphere  which 
is  not  contaminated  with  aggressive  gases  and  other  Impurities  (rural 
area)  Is  slight,  but  Increases  sharply  with  the  presence  in  the  air  of  a 
admixtures  of  sulfur  dioxide,  ammonia,  chlorine,  oxides  of  nitrogen 
(industrial  urban  atmosphere).  The  corrosion  of  brass  in  sea  water 
amounts  to  0.04-0.06  mm/yr.  The  most  aggressive  media  for  brass  are  the 
solutions  of  the  oxidizing  acids,  ammonia,  salts  of  mercury,  copper  and 
trivalent  iron.  The  characteristic  forms  of'  brass  corrosion  are:  dezino- 
ing  and  cracking.  Dezinclng  is  most  frequently  observed  with  exposure 
of  brass  to  solutions  containing  chlorine  Ions.  Brasses  having  less 
than  20 %  zinc  are  not  subject  to  dezinclng.  Alloying  of  the  brass  with 
several  hundredths  of  a  percent  of  arsenic  presents  dezinclng.  Corro¬ 
sion  cracking  of  brass  was  previously  termed  "seasonal"  cracking.  This 
obsolete  term  arose  In  connection  with  the  observed  preferential  crack¬ 
ing  of  brass  in  the  seasons  of  high  humidity  (Fall  and  Spring  for  the 
Moscow  climatological  conditions.  Wintertime  in  England,  see  tables  1 
and  2). 

The  term  "spontaneous"  cracking  was  also  previously  used. 

Brass  is  very  prone  to  corrosion  cracking  in  the  presence  of  ten¬ 
sile  (residual  or  externally  applied)  stresses  in  the  surface  layers 
and  with  the  action  of  certain  specific  corrosion-active  substances 
(ammonia,  sulfur  dioxide,  oxides  of  nitrogen,  cyanides)  or  the  metals 
which  dissolve  zinc  (mercury,  low-melting  brazes).  Ammonia  (only  in  the 
presence  of  oxygen  and  moisture)  is  the  most  corrosion -active  agent, 
however  the  presence  of  the  acidic  oxides  (even  C02)  significantly  re- 
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tarda  the  corrosion  process  and  can  neutralize  the  action  of  the  am¬ 
monia.  In  the  air  the  ammonia  content  is  usually  very  low,  while  the 
acidic  compoents  (sulfur  dioxide,  for  example)  content  is  considerably 
higher  (Table  3) »  therefore  in  practice  the  cracking  of  brass  takes 
place  from  the  action  of  the  S02  and  not  NH^  ("J-th  the  exception  of 
localities  with  the  release  of  large  quantities  of  NH^  —  ammonia 
plants,  stables,  sewage  plants 


TABLE  1 

Duration  of  Testing  to  Cracking  of  Brass  Specimens  in 
Open  Air  (Moscow,  1950) 
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»  1 
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14 

a 

17 

42 

I 

36 

B 

24 

B 

B 

fl 

21 

1)  Months;  2)  test  duration  (days) 

TABLE  2 

Number  of  Lots  of  Cracked  Brass  Rods,  from  data  of  O.V. 
Ellis  (England,  1914-18) 
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l)  Months;  2)  number  of  lots  of  rods 
TABLE  3 

Composition  of  Urban  Air 
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0.0018 
0,0018 
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23 

16 
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Kpmrfii  .  .  .  J?  •  •  • 

.  .  . 

OpmicTVJ*  rr»  14  .  .  . 
KemoH  ....  i«  .  .  . 
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0.000006 

0,0000026 

0.0000006 

0.00000016 

2.8 

0.046 

0.3 

0.47 

0.02 

0.02 

0.003 

1)  Qas;  2 )  content;  3)  (volume  £);  4)  (mg/m^);  5)  ni¬ 
trogen;  6)  oxygen;  7)  argon;  8)  carbon  dioxide;  9) 
carbon  monoxide;  10)  neon;  11)  helium;  12)  krypton; 
13)  hydrogen;  l4)  sulfur  dioxide;  15)  xenon;  16)  am¬ 
monia;  17)  chlorine;  18)  nitrogen  oxides 
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TABLE  4 


Duration  of  Testing  To  Cracking  of  Brass  Specimens 


|  yCJOIIM  DCOMIRM 
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4 

25 
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26 
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22 
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14 

22 
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» 
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13 

It 

1.6 

14 

6 

2 

15 

12 

10 

1.3 

3 

V 

2 

21 

« 

14 

0.5 

2 

l)  Test  conditions:  2)  test  duration;  3)  moi^t  speci¬ 
mens  over  25%  NH.  (minutes);  4)  dry  specimens  over 
0.3%  NH^  (days);-^)  in  solution  of  [Cu  (NI^UjOHo 
(minutes);  6)  over  a  solution  of  (Nlty^CCte  (days);  7) 
in  1%  HgN03  (seconds);  8)  over  a  solution  of  H0SO3 
(days);  9)  in  atmospheric  conditions  (days);  10)  aid 
not  crack;  11)  same. 


The  effect  of  test  conditions  for  cold-formed  specimens  with  ten¬ 
sile  stresses  equal  to  the  elastic  limit  is  shown  in  Table  4. 

The  danger  of  cracking  is  higher,  the  higher  the  tensile  stresses 
in  the  surface  layers  of  the  alloy.  Therefore  we  should  avoid  such  op¬ 
erations  as  tube  drawing  without  mandrels,  turning  of  caps,  assembly  of 
brass  details  with  interference  fits.  With  the  same  values  of  the 
stresses  the  tendency  to  corrosion  cracking  is  less  for  the  brasses 
which  are  work  hardened  to  a  greater  degree  during  cold  deformation  and 
which  have  smaller  grain  size.  The  tensile  stress  in  the  brasses  should 
be  relieved  by  mechanical  work:  rolling.  Impact  treatment,  etc.,  or  by 
annealing  at  250-300°.  Brass  goods  and  semimanufactures  cannot  be 
stored  near  sources  which  release  ammonia,  sulfur  dioxide,  nitrogen  ox¬ 
ides;  to  avoid  possible  condensation  of  atmospheric  moisture  it  is  de¬ 
sirable  to  store  brass  in  heated  rooms.  The  most  reliable  methods  for 
prevention  of  cracking  are  zinc  and  cadmium  plating.  Electroplating 
with  silver,  copper,  tin  does  not  prevent  the  formation  of  cracks.  Al¬ 
loying  of  brass  with  silicon  reduces  the  tendency  to  corrosion  cracking. 

The  tendency  of  brass  products  to  cracking  is  evaluated  from  the 
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magnitude  of  the  tensile  stresses  which  cause  cracking  after  a  definite 
time,  and  from  the  time  required  for  crack  formation  ''xposure  of 
the  brass  to  gaseous  or  liquid  media.  Most  common  are  the  tests  In  an 
ammonia  atmosphere  (over  aqueous  solutions  of  ammonia  of  5,  10,  20  or 
25#  concentration)  and  In  aqueous  solutions  of  the  mercury  salts  (ni¬ 
trous  or  chlorous).  Testing  in  an  ammonia  atmosphere  Is  very  severe;  in 
this  medium  brass  cracks  even  with  very  low  stresses  (1  kg/mm)  or  with 
low  zinc  content  (3-5#)*  The  mercury  test  causes  cracking  of  brass  with 

p 

tensile  stresses  of  10  kg/mm  or  higher.  More  realistic  testing  Is  that 
in  an  air  atmosphere  over  diluted  solutions  of  sulfuric  acid,  since 
sulfur  dioxide  Is  a  basic  corrosion -active  impurity  of  the  atmosphere 
of  inhabited  localities. 

References:  Tomashov  N. D. ,  Teoriya  korrozii  i  zashchlty  metallov 
(Theory  of  Corrosion  and  Protection  of  Metals),  M. ,  1959;  Corrosion  of 
Metals,  coll,  of  articles  transl.  from  English,  vols.  1-2,  L. -M. ,  1952; 
Bobylev  A.V. ,  Korrozionnoye  rastreskivaniye  latuni  (Corrosion  Cracking 
of  Brass),  M. ,  1956.  A.V.  Bobylev 


CORROSION  OP  BRONZE.  The  corrosion  resistance  of  bronze  Is  quite 
high  as  the  result  of  the  high  thermodynamic  stability  of  copper.  The 
bronzes  resist  quite  well  the  action  of  atmospheric  air,  the  gaseous 
carbon  compounds  (other  than  acetylene),  organic  solvents,  alcohols, 
aldehydes,  ketones,  fresh  and  salt  water ;  but  they  are  nonresistant  to 
the  action  of  ammonia  and  its  salts,  the  acids,  particularly  nitric, 
nitrous,  picric,  hydrofluoric,  hydrochloric,  chromic,  the  halogens, 
sulfide  solutions  and  mercury  salts.  At  high  temperatures  the  bronzes 
are  subject  to  corrosion  under  the  action  ox*  oxygen,  sulfur  and  its 
oxides,  hydrogen  sulfide,  phosphorus,  the  halogens.  Alloying  of  copper 
with  aluminum,  beryllium  or  magnesium  strongly  increases  the  resistance 
of  the  bronzes  to  gaseous  corrosion,  while  arsenic,  chromium  and  cerium 
reduce  this  resistance  (table  l). 

TABLE  1 

Values  of  the  Constant  K  for  Copper  Alloys*  (equation 
Wp  =  Kt,  where  W  is  the  increase  of  weight  of  the  oxide 
film  in  g/cm^  and  t  is  time  in  seconds) 


CoatpauHM 

1  jwmpjnutrrtt 
unMitn  (%) 
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*  Oxidation  in  air  at  800° 

10  2 

1)  Content  of  alloying  element  (£};  2)  K»10  (g/cm  -sec); 
3)  Pure  copper. 


Alloying  of  copper  with  aluminum  and  beryllium  Improves  the  resist- 


ance  with  respect  to  the  action  of  sulfur  and  Its  compounds,  while  al¬ 
loying  with  nickel  decreases  this  resistance.  The  Indices  of  the  corro¬ 
sion  of  the  copper  alloys  at  200-220°  In  vapors  from  sulfate  pulp  pro¬ 
duction  containing  17-18#  S02*  are  given  in  table  2. 


TABLE  2 

Loss  of  Weight  of  Copper 
Alloys  Exposed  to  SO2 
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1)  Alloy;  2)  chemical  com¬ 
position  of  alloy  (#);  3) 
other  elements;  4)  weight 
loss  per  day  (mg/dm2);  5) 
German  silver;  6)  bronze; 
7)  phosphor  bronze;  8)  ni¬ 
ckel  bronze;  9)  aluminum 
bronze;  10)  silicon -manga¬ 
nese  bronze. 


The  weight 
130°  for  copper 
ments  is : 


loss  in  rog/dm  after  3  hours  exposure  to  sulfur  at 
and  copper  alloys  as  a  function  of  the  alloying  ele- 
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The  bronzes  are  stable  with  respect  to  hydrogen  if  they  do  not 
contain  oxygen  in  solid  solution  or  In  the  fora  of  oxides  which  can  be 
reduced  by  the  hydrogen  in  the  process  of  its  diffusion  into  the  alloy 
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at  elevated  temperatures.  Alternate  exposure  to  oxygen  and  hydrogen  pan 
lead  to  brittleness  of  the  bronzes. 

The  characteristics  of  bronze  corrosion  in  agitated  sulfuric  acid 
of  varying  concentration  are  shown  In  table  3* 

TABLE  3 

Rate  of  Corrosion  of  Bronzes  in  Sulfuric  Acid  at  20-80* 
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0.017 
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1)  Alloying  element  of  the  bronze;  2)  acid  concentra¬ 
tions  (#);  3)  temperature  (*C);  4)  corrosion  rate 
(ram/year) 

The  generally  high  corrosion  resistance  of  the  bronzes  permits 
their  use  In  the  great  majority  of  cases  without  protective  coatings 
or  other  methods  of  protection  against  corrosion.  Pure  copper  does  not 
have  a  tendency  toward  corrosion  cracking;  Its  alloying  with  elements 
which  are  not  corrosion  resistant  can  lead  to  cracking  of  the  alloy  In 
media  which  have  an  active  reaction  with  the  given  element  (with  the 
presence  of  tensile  stresses  of  sufficient  magnitude  In  the  surface 
layers  of  the  alloy).  With  increase  of  the  degree  of  alloying  the  tend¬ 
ency  to  cracking  Increases.  The  aluminum  bronzes  tend  to  crack  in  an 
ammonia  medium  and  in  solutions  of  the  mercury  salts;  the  presence  of 
high  tensile  stresses  leads  to  the  formation  of  cracks  even  with  an  A1 
content  In  the  alloy  of  3#*  The  alloys  of  copper  with  manganese  (20# 
and  more)  are  very  prone  to  cracking  under  the  action  of  sulfur  dioxide, 
nitrogen  oxides  and  solutions  of  mercury  nitrate,  while  the  tin  bronzes 
tend  to  crack  In  solutions  of  the  mercury  salts.  The  pure  copper-nickel 
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alloys  have  no  tendency  to  corrosion  cracking. 

References:  Tomashov  N.D. ,  Teorlya  korrozll  1  zashchlty  metallov 
(Theory  of  Corrosion  and  Protection  of  Metals),  Moscow,  1959;  Kllnov 
I.Ya.,  Korrozlya  khlmlcheskoy  apparatury  1  korrozlonnostoyklye  materia- 
ly  (Corrosion  of  Chemical  Apparatus  and  Corr os Ion -Res 1st ant  Materials), 
3rd  ed. ,  M. ,  I960;  Corrosion  of  Metals,  collection  of  articles  trans¬ 
lated  from  English,  vols.  1-2,  L.-M. ,  1952;  Bobylev  A.V. ,  TsM,  1959# 

No.  2,  p.  65-70;  —  Byull.  Tsentr.  In-ta  lnformatsll  tsvetnoy  metallur- 
gll  (Bulletins  of  the  Central  Institute  of  Information  for  Nonferrous 
Metallurgy),  1959,  No.  5  (130),  p.  35-40. 
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CORROSION  OP  CHROMIUM.  With  heating  in  air  and  in  oxygen,  chromium 
begins  to  oxidize  at  about  400-450°.  The  variation  of  chromium  oxida¬ 
tion  rate  with  temperature  (in  g/m2/hr)  is:  0.007  (600°),  0.014  (700°), 
0.02  (800°),  0.06  (900°),  0.1  (1000°),  1  (1100°),  1.15  (1200°)  prelimi¬ 
nary  passivation  of  the  surface  considerably  reduces  the  rate  of  oxida- 
datlon  cf  chromium  with  subsequent  heating  even  to  high  temperatures. 
Diffusion  of  oxygen  into  chromium  and  its  alloys  is  net  observed. 

Beginning  at  600-650°  chromium  interacts  chemically  with  gaseous 
nitrogen.  The  nitrides  which  are  formed  embrittle  the  metal.  With  in¬ 
crease  of  the  temperature  the  rate  of  nitriding  of  chromium  and  the 
depth  of  the  diffusion  layer  increase.  However,  above  1500°  the  chrom¬ 
ium  nitrides  dissociate  and  the  nitriding  terminates.  The  diffusion  of 
nitrogen  takes  placs  both  frontally  and  along  the  boundaries  of  the 
grains,  particularly  In  the  case  of  accumulation  of  Impurities  on  the 
grains.  During  the  process  of  heating  in  air  at  1200°  the  thickness  of 
the  nltrlded  layer  Increases  on  the  average  with  a  rate  of  0.002  ram/ 
/hour.  At  20°  the  plasticity  of  chromium  can  be  restored  after  removal 
of  the  nltrlded  metal  layer.  The  weight  Increase  of  chromium  during 
heating  in  air  reflects  the  progress  of  two  processes  -  nitration  and 
oxidation  (here  the  rate  of  nitration  predominates ).  Taking  account  of 
the  statements  above,  we  can  consider  that  chromium  is  corrosion  resist¬ 
ant  In  an  oxidizing  atmosphere  above  1200°. 

If  we  heat  chromium  In  an  atmosphere  containing  gasecu^  compounds 
of  carbon,  sulfur,  (also  oxygen  and  nitrogen),  the  metal  interacts  with 
these  elements.  Tc  prevent  embrittlement  cf  chromium  in  the  process  cf 
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long-term  heating  In  an  atmosphere  of  active  gases,  use  Is  made  of 
surface  protection  and  alloying.  The  nature  of  the  Interaction  of 
chromium  with  the  active  gases  Is  altered  by  alloying.  In  the  highly 
alloyed  chromium  alloys  diffusion  of  nitrogen  Into  the  depth  of  the 
material  Is  not  observed.  Depending  on  the  alloying,  the  alloys  are 
subject  to  conventional  gas  corrosion  with  the  formation  of  oxides  on 
the  surface.  With  regard  to  corrosion  resistance  In  an  oxidizing  atmos¬ 
phere,  chromium  yields  only  to  the  chrome-nickel  alloys.  The  alloy  of 
chromium  with  1 %  yttrium  is  heat  resistant  at  1300°  (weight  gain  0.2 
g/m2/hr). 

Concentrated  nitric  acid  and  its  aqueous  solutions,  formic,  citric, 
tartaric  acids  do  not  attack  chromium.  Many  oxidizers:  chlorine  and 
bromine  water,  concentrated  nitric,  phosphoric,  hypochlorous  and  per¬ 
chloric  acids  passivate  chromium.  Passivation  is  caused  by  the  forma¬ 
tion  cf  a  thin  oxide  film  or  absorbed  oxygen  film  on  the  surface  of  the 
metal.  In  the  passivated  condition  chromium  does  not  Interact  with  the 
dilute  mineral  acids.  Chromium  reacts  little  with  dry  and  moist  air  at 
20°,  does  not  react  with  sea  water  or  even  with  sea  water  spray  in  the 
air. 

Chromium  is  not  attacked  by  the  molten  alkaline  carbonates,  is 
slightly  attacked  by  acetic  acid,  with  heating  is  corroded  by  the  alka¬ 
line  hydroxyls,  is  strongly  oxidized  by  molten  sodium  nitrate  and  sodi¬ 
um  perchlorate.  Chromium  interacts  with  silicon  tetrachloride  at  1200*. 
Chromium  reacts  slowly  with  dilute  sulfuric  acid,  reacts  with  boiling 
ccncer  trattd  sulfuric  acid. 

On  heating  to  1600*  in  an  oxidizing  atmosphere,  chromium  interacts 
with  phosphorous.  Calcium  vapors  do  net  have  any  noticeable  effect  on 
chromium  heated  to  600°.  At  high  temperatures  chromium  interacts  with 
carbon,  silicon,  boron.  Beginning  at  1000*  chromium  oxidizes  in  an  at- 
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mosphere  of  carbon  monoxide,  begins  to  react  with  sulfur  vapors  at  700°, 
and  with  hydrogen  sulfide  at  1200°,  forming  chromium  sulfides.  Hot  ni¬ 
tric  acid  forms  oxides  and  nitrides  with  chromium. 

Chromium  dissolves  in  aqueous  solutions  of  HF,  considerably  more 
slowly  in  aqueous  solutions  of  hydrochloric  acid,  hydrogen  bromide  and 
hydrogen  iodide.  Heating  of  these  reagents  accelerates  the  interaction 
with  chromium.  A  mercuric  chloride  solution  dissolves  chromium,  forming 
chromium  chloride. 

References:  Udy  i-i.J. ,  Chromium,  v.  2,  L. ,  195t>* 

I. 0.  Panasyuk 
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CORROSION  OF  COPPER.  The  chemical  activity  of  copper  is  lew,  it 
cannot  be  dissolved  in  acids  with  the  release  of  hydrogen;  dissolution 
of  copper  takes  place  in  oxidizing  acids  (nitric,  chromic)  or  in  the 
presence  of  the  oxidizing  salts  (ferric  chloride,  potassium  brichrc- 
mate).  A  characteristic  feature  of  copper  is  lack  of  resistance  to  the 
combined  action  of  NH^,  0^  and  HgO  as  a  result  of  the  formation  of  the 
complex  ion  [Cu(NH^)i+]++.  Complexing  also  takes  place  under  the  action 
of  hydrochloric  acid  and  the  cyanides. 

The  normal  potential  of  copper  has  a  positive  magnitude  (+0.35  v 
on  the  hydrogen  scale  in  a  Cu"*-1"  ion  solution  medium)  and  it  can  be  con¬ 
sidered  one  of  the  seminoble  metals;  in  ammonia  solutions  the  copper 
potential  is  negative. 

In  nonoxidizing  acids  (other  than  the  hydrohallcs)  without  access 

to  air,  copper  is  corrosion  resistant.  With  passage  of  oxygen  through 

these  acids  the  copper  corrosion  rate  per  day  amounts  to  the  following 
2 

values  in  mg/cm  : 


Hydrochloric  acid  4#  solution .  8600 

"  "  20#  solution . 13400 

Sulfuric  acid  6#  solution . 920 

"  "  20#  solution . 840 

Citric  acid  50#  solution . 170 

Acetic  acid  6#  solution . 143 

"  ”  50#  solution . 445 


The  corrosion  rate  of  copper  constantly  submerged  in  sea  water  is 
0.02-0.07  mm/year.  Copper  is  nonreslstant  to  the  action  of  sea  water 
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flowing  with  a  velocity  of  more  than  1  m/sec  (Jet  or  Impact  corrosion). 
In  atmospheric  conditions  copper  has  considerable  resistance  as  a  re¬ 
sult  of  the  formation  on  the  surface  of  a  protective  layer  of  basic 
carbonates;  the  presence  in  atmospheric  air  of  the  corrosion-active 
contaminants:  S02,  NH^  etc.,  markedly  accelerates  the  corrosion  of  cop¬ 
per.  At  elevated  temperatures  (above  200° )  the  corrosion  of  copper  Is 
significant  (see  Table). 

TABLE 

Values  of  Constant  K  for 
Copper  in  Air  and  Oxygen 
Atmospheres  (equation  W2  = 

=  Kt,  where  W  is  the  in¬ 
crease  of  weight  of  the 
oxide  film  in  g/cm2  and  t 
is  time  in  sec.). 


TeMiieparypa 
l  CC) 

2  Be-iuiKHa  K  (t  cm’.ock) 

■^na  Boaayxe 

B  KHCflOpCUC^ 

600 

_ 

3 

700 

8 

IB 

800 

80 

87 

900 

338 

349 

1000 

1350 

1780 

l)  Temperature;  2)  value 
of  K  (g/cm2-sec);  3)  in 
air;  4;  in  oxygen. 


At  high  temperatures  copper  reacts  also  with  sulfur,  its  compounds, 
the  halogens,  phosphors  and  the  vapors  of  certain  acids,  copper  is  sta¬ 
ble  with  respect  to  Ng,  CO,  COg,  H2°*  Hydr°Sen  and  the  gases  which 
evolve  it  on  heating  cause  "hydrogen  disease"  of  copper  if  the  latter 
contains  oxygen  and  is  heated  above  400°.  The  sharp  reduction  of  plas¬ 
ticity  in  this  case  is  associated  with  the  reduction  of  cuprous  oxide 
by  the  hydrogen  and  the  formation  of  water  vapor  by  the  reaction:  CUgCH- 
+H2  =  2Cu+H20. 

With  the  action  of  acetylene  on  copper  there  may  be  formed  explos¬ 


ive  copper  acetylides. 
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References:  Tomoashov  N.D. ,  Teoriya  korrozll  1  zashchity  metallov 
(Theory  of  Corrosion  and  Protection  of  Metals),  M. ,  1959;  Corrosion  of 
Metals,  collection  of  articles  transl.  from  Eng.,  books  1-2,  L.-M. , 

A.V. 


1952. 
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CORROSION  OF  MAGNESIUM  ALLOYS.  Magnesium  and  the  magnesium  alloys 
have  relatively  low  corrosion  resistance  because  of  the  high  electro¬ 
negative  potential  and  the  inadequate  protective  properties  of  the  na¬ 
tural  oxide  film.  The  standard  potential  of  magnesium  is  -2.34  v,  the 
irreversible  potentials  in  many  neutral  electrolytes  are  in  the  range 
from  -1.25  to  -1.5  v,  therefore  magnesium  is  capable  of  displacing  hy¬ 
drogen  from  neutral  media,  for  example  from  water:  Mg+2HgO  -+  Mg(0H)2+ 
+Hgt •  In  this  case  two  processes  take  place:  the  anodic  is  ionization 
of  the  magnesium  Mg-fnHgO  -►  Mg++«nH20+2e-,  and  the  cathodic  is  the  as¬ 
similation  of  an  electron  2e~+2H+»nH20  H2f  +nH20.  This  reaction  takes 
place  with  hydrogen  depolarization  with  oxygen  depolarization  the  re¬ 
action  proceeds  in  accordance  with  the  equation  4e“+02+2H20  -+•  40H-.  The 
processes  with  predominant  oxygen  depla.rization  take  place  under  a  thin 
film  of  moisture  and  in  atmospheric  conditions.  In  distilled  water  the 
oxygen  and  hydrogen  depolarization  are  of  commensurate  importance.  In 
solutions  of  salts  and  acids,  as  a  rule,  the  process  proceeds  with  pure¬ 
ly  hydrogen  depolarization. 

Magnesium  and  its  alloys  do  not  have  adequate  stability  in  the  ma¬ 
jority  of  the  inorganic  media.  They  are  stable  in  a  solution  of  chromic 
acid  and  its  salts,  in  solutions  of  hydrofluoric  acid  of  definite  con¬ 
centrations  and  its  salts,  in  alkaline  solutions.  The  low  electrode  po¬ 
tential  and  the  instability  of  the  protective  oxide  film  in  neutral  and 
acidic  solutions  lead  to  very  high  rates  of  corrosion  of  magnesium  and 

its  alloys  in  these  media.  In  the  alkaline  solutions  the  corrosion  rate 
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diminishes  markedly  as  a  result  of  increased  stability  of  the  protect¬ 
ive  film  and  simultaneous  reduction  of  the  concentration  of  the  hydro¬ 
gen  ions.  The  corrosion  rate  increases  with  temperature  rise  and  de¬ 
pends  on  the  composition  and  structure  of  the  alloy. 

In  atmospheric  conditions  the  corrosion  of  the  magnesium  alloys 
depends  on  the  air  moisture,  the  temperature,  the  gas  and  salt  content 
in  the  air  atmosphere,  the  duration  of  the  stay  of  the  moisture  film  on 
the  surface  and  the  rate  of  evaporation  of  this  film.  The  highest  cor¬ 
rosion  rate  is  noted  in  industrial  regions,  the  lowest  in  rural  areas. 
Coastal  regions  occupy  an  Intermediate  position.  The  corrosion  products 
formed  in  the  industrial  atmosphere  have  approximately  the  following 
composition:  61.5#  MgCO^Si^O;  26. 7#  MgS0^«7H20j  6.4#  Mg(0H)2;  carbon¬ 
aceous  substances  about  2.5#-  In  a  pure  atmosphere  the  corrosion  pro¬ 
ducts  consist  basically  or  magnesium  hydroxide.  The  corrosion  resist¬ 
ance  of  high-purity  magnesium  is  reduced  by  the  great  majority  of  the 
metallic  impurities  and  alloying  additives,  which  act  as  cathodes  with 
respect  to  magnesium.  In  media  in  which  the  corrosion  process  takes 
place  with  primarily  hydrogen  depolarization,  severe  reduction  of  the 
corrosion  resistance  is  observed  under  the  Influence  of  impurities  with 
a  low  hydrogen  overvoltage:  Pe,  Nl,  Co,  Cu.  Metals  with  a  high  hydrogen 
overvoltage,  for  example  Zn,  Cd,  A1  are  less  dangerous.  Each  impurity 
has  its  limiting  content,  above  which  the  corrosion  resistance  of  mag¬ 
nesium  falls  sharply  (Pig.  1).  All  the  metals  reduce  the  corrosion  re¬ 
sistance  of  magnesium  to  a  considerably  smaller  degree  in  media  In 
which  the  process  proceeds  with  predominance  of  hydrogen  depolarization, 
for  example,  in  atmospheric  conditions.  A  reduction  of  iron  and  nickel 
impurities  In  the  alloys  of  the  system  Mg-Al-Zn-#ti  can  to  a  considera¬ 
ble  degree  Improve  the  corrosion  resistance  under  severe  conditions. 
Thus,  the  corrosion  resistance  of  the  alloy  ML5hp  (high  purity)  in  a  3# 
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NaCl  solution  with  an  iron  impurity  content  to  0.005  and  nickel  to 
0.0006#  is  increased  by  a  factor  of  12  times. 

The  reduction  of  the  corrosion  re¬ 
sistance  of  the  alloys  of  the  system 
Mg-Al-Zn-Mn  under  the  influence  of  an 
iron  impurity  is  increased  with  increase 
of  the  aluminum  content.  Heat  treatment 
effects  the  corrosion  resistance  of  the 
magnesium  alloys.  Thus,  the  ML5  alloy 

Pig.  l.  The  effect  of  im¬ 
purities  on  the  corrosion  in  the  cast  condition  has  a  higher  cor- 

resistance  of  high-purity 

magnesium  (Hanawalt,  Nel-  roslon  resistance  than  in  the  tempered 

son,  Peloubet).  l)  mg/crn2- 

-day;  2)  #  Impurity.  condition;  aging  at  175°  after  homogen¬ 

ization  at  420°  for  24  hours  somewhat  increases  the  corrosion  resist¬ 
ance  of  the  alloy  in  the  tempered  condition  (Fig.  2). 


In  the  smelting  and  casting  of  the 
magnesium  alloys,  wide  use  is  made  of 
the  chlorides  of  the  alkaline  and  alka¬ 
line-earth  metals  as  refining  and  pro- 


Fig.  2.  Effect  of  long¬ 
term  aging  on  corrosion 
resistance  of  the  ML5 
alloy;  l)  in  atmospheric 
conditions  of  an  indus¬ 
trial  region;  2)  In  a 
0.556  NaCl  solution;  3) 
mg/cm-;  4)  hours. 


tective  fluxes.  Inclusions  of  these 
fluxes  may  remain  In  the  castings  if 
technological  conditions  are  not  ob¬ 
served.  On  contact  with  moisture,  the 
flux  Inclusions  form  solutions  of  the 


salts,  which  cause  active  dissolution  of  the  magnesium  alloys.  In  this 
case  intensive  destruction  of  the  alloy  proceeds  only  at  the  locations 
of  the  flux  inclusions  (Fig.  3)»  Flux  corrosion  is  very  dangerous, 
since  it  leads  co  destruction  of  the  metal  clear  through  the  part.  Pre¬ 


paration  of  cast  details  and  Ingots  without  flux  inclusions  is  one  of 

the  primary  methods  for  improving  the  corrosion  resistance  of  the  mag- 

964 


II-5K3 

nesium  alloys.  The  corrosion  resistance  of  the  various  casting  magne¬ 
sium  alloys  in  atmospheric  conditions  is  practically  the  same.  The  cor¬ 
rosion  resistance  of  the  new  casting  alloys  ML9,  ML10,  ML11,  ML12, 

BML1,  BML2  in  the  heat  treated  condition  is  higher  than  that  of  the 
widely  used  ML5  alloy  (Pig.  4).  The  comparative  corrosion  resistance  of 
the  wrought  alloys  is  shown  in  Pig.  5«  Tne  MA11,  MA10  alloys  have  low 
corrosion  resistance.  The  corrosion  resistance  of  the  other  wrought  al¬ 
loys  MA9,  MA8,  MA3,  MA2,  VM65-I,  VMD1,  VM17  is  practically  the  same. 
However,  many  high-strength  wrought  magnesium  alloys  are  prone  to  a 
more  dangerous  form  of  corrosion  -  corrosion  cracking.  Therefore  the 
characteristics  presented  above  for  the  general  corrosion  is  not  an  ad¬ 
equate  basis  for  selection  of  an  alloy. 

Corrosion  Cracking  of  the  Magnesium  Alloys  - 
formation  of  cracks  in  the  alloys  with  simultane¬ 
ous  action  of  a  corrosive  medium  and  tensile 
stresses  (external  and  internal).  The  primary 
factors  effecting  the  tendency  to  corrosion 
cracking  are  the  composition  and  structure  of  the 

Fig.  3.  Flux  cor¬ 
rosion  on  the  ML5  alloys,  the  magnitude  of  the  tensile  stresses  and 
alloy. 

the  nature  of  the  corrosive  medium.  The  wrought 
alloys  are,  as  a  rule,  prone  to  corrosion  cracking.  With  respect  to  the 
tendency  to  corrosion  cracking  under  atmospheric  conditions,  the 
wrought  magnesium  alloys  are  divided  into  three  groups:  l)  the  alloys 
which  have  practically  no  tendency  to  corrosion  cracking  -  MAI,  MAS, 
MA11,  VMD1,  VM17;  2)  the  alloys  which  have  only  a  slight  tendency  to 
corrosion  cracking  -  MA2,  VMb5-l»  MA2-1;  3)  the  alloys  having  a  high 
tendency  to  corrosion  cracking  -  MA3,  MA5  and  MAIO,  particularly  the 
MA10  alloy  (Fig.  6).  The  tendency  to  corrosion  cracking  of  the  alloys 
of  the  Mg-Al-Zn-Mn  system  increases  with  increase  of  the  aluminum  con¬ 
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The  effect  of  aluminum  on  the  corrosion  cracking  of  the  binary  Mg-Al 
alloy  is  shown  in  Fig.  7*  Alloys  with  aluminum  content  up  to  2#  (limit¬ 


ing  solubility  of  aluminum  at  room  temperature) 
are  not  prone  to  corrosion  cracking  in  atmos¬ 
pheric  conditions,  i.e.,  the  tendency  to  cor¬ 
rosion  cracking  is  manifested  only  in  the  al¬ 
loys  which  are  supersaturated  solid  solutions. 
Heat  treatment  whioh  leads  to  alteration  of  the 


Fig.  4.  Comparative 
corrosion  resistance 
of  the  magnesium 
casting  alloys  (heat 
treated)  in  various 
media:  a)  0.5#  NaCl 
solution;  b)  moist 
atmosphere  (<l>  -  98#)  > 
1  -  ML5;  2  -  ML19; 

3  -  ML10;  4  ML11; 

5  -  ML12;  6  -  VML1; 

7  -  VML12.  A)  cmV 
/cm2/hr;  B)  g/m2/yr. 


phase  composition  of  the  alloy  significantly 
changes  the  tendency  to  stress  corrosion.  Heat 
treatment  of  the  Mg+8#  A1  alloy  which  leads  to 
complete  disintegration  of  the  supersaturated 
solid  solution  and  to  the  precipitation  of  the 
intermetallic  compounds  in  the  form  of  very 
fine  particles  which  are  not  bound  with  one  an¬ 


other  prevents  corrosion  cracking.  A  corrosive  environment  is  one  of 


the  conditions  which  cause  corrosion  cracking.  Insulation  of  the  sur- 


*«••  ■—  A 


face  of  the  stressed  specimen,  for  example,  by 
paint-type  coating,  lubricant,  etc.,  either 
markedly  delays  the  time  for  crack  formation  or 
prevents  it.  Corrosion  cracking  also  does  not 
take  place  in  media  in  which  practically  no 


corrosion  occurs,  for  example,  in  anhydrous 

Fig.  5*  Comparative 

corrosion  resistance  gasoline,  kerosene,  acetone,  etc.  Time  to 
of  the  wrought  magne¬ 
sium  allovs  (extruded  cracking  for  the  same  alloy  varies  as  a  func- 
condition;  in  a  0.5# 

solution  of  NaCl:  1  -*  tion  of  the  medium  from  several  minutes  to  sev- 

-  MA11;  2  -  MA10;  3  - 

-  MA5;  4  -  MA4;  5  -  eral  months  or  to  complete  stability  in  the 

-  MA3;  6  -  MA2;  7  - 

-  MA8;  8  -  VM65-1 ;  9  -  given  medium.  However,  with  a  high  corrosion 

-  VK17;  10  -  MA9 ;  11  - 

-  VML1.  A)  cm3/cm2/hr.  rate  corrosion  cracking  does  not  occur.  The  na- 
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ture  and  the  thickness  of  the  natural  or  artificial  protective  films 
play  a  major  role  in  the  rate  of  crack  formation.  Corrosion  cracking 
can  proceed  only  with  the  action  of  tensile  stresses,  while  compressive 


l 

a 


i 

A 


Fig.  6.  Stress  corrosion  of  cer¬ 
tain  wrought  magnesium  alloys  in 
the  extruded  condition  in  atmos¬ 
pheric  conditions  of  an  industri¬ 
al  region:  1  -  MA10;  2  -  MA5;  3  - 
-  MA4;  4  -  MA3;  5  -  MA8;  6  -  MAH; 

7  -  VML1 ;  8  -  VM17;  9  ~  MA2.  A) 

Time  to  cracking,  days. 

stresses  aid  in  the  reduction  of  the  tendency  to  corrosion  cracking. 
Shot  peening,  rolling  and  other  processing  which  creates  compressive 
stresses  on  the  surface  of  the  magnesium  alloys  significantly  Improve 
the  resistance  of  the  alloys  to  corrosion  cracking.  The  corrosion  crack 


Fig.  7.  Effect  of 
aluminum  on  corro¬ 
sion  cracking  of  an 
alloy  of  the  Mg-Al 
system  in  a  0.001$ 
NaCl  solution  medium 
with  alternate  immer¬ 
sion.  1)  Time  to 
cracking  in  days 


always  develops  perpendicular  to  the  direc¬ 
tion  of  action  of  the  tensile  stresses,  and 
the  specimen  failure  is  of  a  brittle  nature. 
The  crack,  often  intermittent,  passes  both 
through  the  body  of  the  grain  and  along  the 
grain  boundaries  (Fig.  8).  With  increase  of 
the  tensile  stresses,  the  time  to  failure  di¬ 
minishes  systematically  (Fig.  9).  There  exist, 
as  a  rule,  critical  stresses  below  which  the 
alloy  is  practically  free  of  corrosion  crack¬ 
ing.  Moreover,  the  higher  the  tendency  of  the 
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alloy  to  corrosion  cracking,  the  lower  the  value  of  the  critical  stress. 
The  value  of  the  critical  stress  depends  to  a  considerable  degree  on 
the  magnitude  of  the  residual  stresses.  With  high  values  of  the  residue 

al  tensile  stresses  the  limiting  value  of  the  ap¬ 
plied  tensile  stress  becomes  very  small.  Such  a 
material  may  be  subject  to  cracking  without  the 
apj  Ucatlon  of  external  stresses.  Annealing  which 
leads  to  the  relief  of  the  Internal  tensile 
stresses  will  significantly  increase  the  stress 
corrosion  resistance.  The  mechanism  of  the  corro¬ 
sion  cracking  process  is  still  a  subject  of  dis¬ 
cussion.  Studies  of  recent  years  have  established 
the  electrochemical  nature  of  corrosion  cracking  cf  the  magnesium  al¬ 
loys.  It  has  been  shown  that  the  genesis  of  the  cracks  is  the  result  of 
the  activity  of  submicroscopic  elements  which  causes  selective  dissolu¬ 
tion  of  one  of  the  atoms  in  the  crystalline  lattice.  Protection  of  the 

magnesium  alloys  from  corrosion  cracking  can  be 
accomplished  in  the  following  ways:  l)  Increase 
of  the  stress  corrosion  resistance  of  the  alloy 
by  means  of  heat  treatment  or  variation  of  the 

Fig.  9-  Effect  of 

Increase  of  ten-  alloy  composition  which  does  not  lead  to  a  signl- 

sile  stresses  on 

corrosion  cracking  f leant  reduction  of  the  strength  characteristics; 
of  magnesium  alloys 

in  industrial  re-  2)  use  of  rational  forms  of  details  (for  example, 
glon  atmosphere:  1) 

MA2-1  (half-hard  elimination  of  abrupt  transitions);  3)  creation 

sheet,  1.2  mm  thick); 

2)  MA10  (extruded);  0f  compressive  stresses  in  the  surface  layer;  4) 

3)  %  of  og.2;  *0  time 

to  failure,  days.  application  of  coatings.  Paint-type  coatlnc  can¬ 
not  provide  reliable  protection  from  corrosion 
cracking  in  places  where  the  coating  is  damaged.  The  metallized  coating 

is  more  resistant  tc  mechanical  damage  and,  moreover,  it  provides  elec- 
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Fig.  8.  Corro¬ 
sion  crack  on 
MA5  alloy  (mag¬ 
nified  200  times). 
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trochemical  protection  for  the  alloy. 

Magnesium  alloys  are  recommended  for  use  primarily  in  the  medium 
which  is  least  aggressive  for  them  -  in  atmospheric  conditions.  All  the 
casting  alloys,  and  also  the  MAI,  MA2,  MA2-1  wrought  alloys  (in  the  an¬ 
nealed  condition),  MA8,  VM17,  VM65-I,  VMDl  with  suitable  protection  by 
inorganic  films  and  paint-type  coatings  (see  Paint-Type  Coatings  for 
Magnesium  Alloys)  can  be  used  with  confidence  in  atmospheric  conditions. 

For  the  wrought  alloys  MA3,  MA5,  MA10  which  have  a  high  tendency 
to  corrosion  cracking.  It  is  necessary  to  restrict  the  magnitude  of  the 
applied  tensile  stresses  in  the  design  and  also  to  use  increased  pro¬ 
tection. 

For  details  used  in  a  marine  atmosphere  where  the  contact  with  sea 
water  Is  not  excluded  it  is  recommended  that  only  the  most  corrosion 
resistant  ML5hp  be  used,  which  can  also  be  used  for  details  in  tropical 
conditions.  The  magnesium  alloys  are  not  recommended  for  details  used 
with  full  immersion  in  sea  water. 

Protection  of  the  magnesium  alloys  from  corrosion  is  provided  by  a 
whole  complex  of  measures,  including  reduction  of  metallic  and  nonmetal- 
11c  Impurities,  absence  of  flux  inclusions,  application  of  inorganic 
films  and  paint-type  coatings,  and  in  s^me  cases  also  the  use  of  metal¬ 
lic  coating.;,  the  selection  of  rational  design  shapes  and  combinations 
cf  contacting  materials  in  the  products.  Corrosion  protection  by  inor¬ 
ganic  films  with  paint-type  coatings  provides  for  reliable  operation  cf 
details  and  structures  under  atmospheric  conditions.  The  inorganic 
films  without  paint -type  coating  do  not  provide  for  adequate  protection 
cf  details  operating  for  long  periods  under  various  climatic  conditions, 
cut  they  dc  improve  the  protective  properties  of  the  paint -type  coating 
and  its  adhesion  to  the  metal.  Ir.  addition,  the  inorganic  films  are 
used  for  the  protection  cf  details  and  semi-manufactures  In  the  process 
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of  production  and  transportation  (see  Anodizing  of  Magnesium  Alloys, 
Oxidizing  of  Magnesium  Alloys,  Packaging  of  Magnesium  Alloys).  The 
paint-type  coating  for  the  magnesium  alloys  consists  of  a  priming  pas¬ 
sivating  layer  and  an  outer  lacquer-base  or  enamel-base  layer.  The  me¬ 
tallic  coatings  (galvanic  metallizing,  cladding)  do  not  find  wide  ap¬ 
plication  because  of  the  inadequate  effectiveness  and  the  complexity  of 
the  technology.  Sometimes  metallic  coatings  are  used  to  improve  the 
wear-resistance  and  the  electrical  and  thermal  conductivity  of  the  mag¬ 
nesium  alloys.  The  application  of  galvanic  coatings  is  difficult  be¬ 
cause  of  the  oxide  film  on  the  surface  of  the  magnesium  alloys  and  the 
strong  electro-negative  potential  of  magnesium,  therefore  prior  to  the 
application  of  these  coatings  the  surface  is  processed  in  special  solu¬ 
tions  (see  Galvanic  Coating  of  the  Magnesium  Alloys).  The  galvanic  me¬ 
tallic  coatings,  being  cathodic,  provide  protection  only  in  the  absence 
of  pores,  therefore  it  is  necessary  to  use  multilayer  coatings.  Clad¬ 
ding  for  the  protection  of  the  magnesium  alloys  has  not  found  applica¬ 
tion  in  either  the  Soviet  or  foreign  industry.  Effective  protection  of 
the  MA10  high-strength  magnesium  alloy  from  corrosion  cracking  is  pro¬ 
vided  by  a  metallic  coating  using  an  alloy  of  magnesium  with  zinc  and 
lithium. 

In  a  structure,  particularly  vulnerable  regions  are  the  joints 
where,  as  a  rule,  there  is  contact  of  differing  metals,  and  the  gaps  in 
which  moisture  accumulates.  All  the  metals  which  may  be  in  contact  with 
the  magnesium  alloys  (aluminum  alloys,  steel,  zinc  plated,  cadmium  plat 
ed,  chrome  plated  alloys,  etc.  )  are  cathodes  with  respect  to  the  magne¬ 
sium  alloys,  however,  the  degree  of  their  influence  differs.  The  method 
of  attachment  of  the  details  to  one  another  and  the  corrosive  medium 
have  a  major  effect  on  the  development  of  contact  corrosion.  In  atmos¬ 
pheric  conditions  the  most  unfavorable  contacts  are  with  copper  and  its 
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alloys,  nickel,  steel,  the  noble  metals  (silver,  gold,  platinum).  Con¬ 
tact  Is  permissible  with  the  other  grades  of  magnesium  alloys,  aluminum 
and  Its  alloys,  zinc  and  the  zinc  coatings,  cadmium  and  cadmium  coat¬ 
ings,  parkerized  steel  (under  the  condition  of  oil  treatment  of  the 
phosphate  film),  chromed  steel  (chrome  thickness  not  less  than  40  mi¬ 
crons),  tinned  copper  alloys  and  tinned  steel,  titanium.  In  conditions 
of  a  marine  atmosphere  and  in  the  tropics  contacts  are  permitted  with 
the  other  grades  of  magnesium  alloys,  aluminum  and  its  alloys  which 
have  been  anodized  with  a  filler  of  bichromate  anodic  film,  with  cad¬ 
mium  and  cadmium  coatings,  chrome  plated  steel  (coat  thickness  not  less 
than  60  microns).  Of  the  aluminum  alloys  the  AMg5  alloy  causes  the 
least  acceleration  of  the  corrosion,  therefore  it  is  recommended  that 
rivets  from  this  alloy  be  used  for  riveting  of  sheet  material  for  which 
contact  corrosion  is  particularly  dangerous.  As  additional  protection, 
use  is  made  of  insulation  of  the  contacts  with  the  aid  of  primers,  lu¬ 
bricants,  cements,  ground  coats,  sealants,  tapes  and  gaskets.  In  severe 
operating  conditions  (marine  atmosphere,  tropical  conditions)  use  is 
made  cf  insulating  gaskets  (Fig.  10a)  or  the  contacting  surfaces  are 
covered  with  a  special  protective  (from  the  penetration  of  moisture) 
coverings  (Flgo.  -Ob,  c,  d).  Materials  for  the  gaset  washers  are  geti- 
naks,  ebonite,  organic  glass  and  others. 

In  structures  special  attention  must  be  turned  to  contacts  with 
the  nonmetallic  materials,  which  must  be  nonhygroscopic  and  nonaggres- 
sive  with  respect  to  the  magnesium  alloys.  Riveted  and  welded  seams  re¬ 
quire  particularly  careful  protection.  To  avoid  corrosion  of  the  weld 
Joint  In  gas  welding,  the  use  of  fluxes  containing  chlorine  salts  is 
categorically  forbidden.  Welding  must  be  accomplished  with  the  use  of 
fluorine  fluxes  or  by  the  argon  arc  method.  To  improve  the  corrosion 
resistance  of  seams  made  by  spot  welding,  the  welding  is  done  using  a 
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raw  primer,  the  zone  of  thermal  influence  is  not  permitted  to  reach  the 
surface,  electrode  copper  adhering  to  the  surface  is  removed. 

Care  must  be  taken  to  provide  a  form  of  details  and  structures 


Fig.  10.  Protection  of  magnesium  alloy  details  from  contact  corrosion: 

а)  Use  of  insulating  gaskets;  b,  c,  dj  use  of  special  protective  cov¬ 
ers;  1)  Magnesium  alloy  detail;  2)  paint-type  coating:  3)  layer  of 
rubber  cement  88;  4)  layer  of  cement  or  P-5  primer;  5)  gasket  washer; 

б)  rivet;  7)  final  enamel  coat  layer;  8)  bolt,  nut;  9)  grounding  termi¬ 
nal;  10)  grounding  attachment  screw 

which  will  eliminate  the  accumulation  of  moisture  in  Isolated  regions 
or  rapid  drainage  must  be  provided.  Drain  holes  must  be  provided  in  re¬ 
gions  where  moisture  accumulation  cannot  be  avoided. 

References:  Timonova  M.A. ,  0  prirode  korrozionnogo  rastreskivaniya 
magnevykh  splavov  1  metodakh  lkh  zashchity  (Nature  of  corrosion  crack¬ 
ing  of  magnesium  alloys  and  methods  for  protecting  them),  in  book  Mezh- 
kristallitnaya  korroziya  i  korroziya  metallov  v  napryazhennom  sostoy- 
anii  (Intercrystalline  Corrosion  and  Corrosion  of  Metals  in  the  Stress¬ 
ed  State),  M. ,  I960;  Timonova  M.A.,  Kutaytseva  A.I.,  in  collection  Kor¬ 
roziya  1  zashchlta  metallov  (Corrosion  and  Protection  of  Metals),  M. , 
1962;  Timonova  M.A.,  Yershova  T.I.,  ZL,  1961,  Vol.  27,  No.  4;  Zaretskiy 
Ye.M. ,  in  book:  Korroziya  metallov  i  metody  bor’by  c  neyu  (Corrosion  of 
Metals  and  Methods  of  Combating  It),  M. ,  1955;  Tomashov  N.D. ,  Matveyeva 
T.V. ,  Tr.  Ir.-ta  flz.  khimii  AN  SSSR,  1951,  No.  2,  p.  146-65;  Luz  U. ,  in 
collection  Korroziya  metallov  (Corrosion  of  Metals),  transl.  fr.  Eng., 
books  1-2,  L.-M. ,  1952.  Stevens  J.A.  ,  "Trod.  Engng",  I960,  v.  31,  No. 
23,  p.  31-35;  George  P.F.,  "Light  Metal  Age",  1959,  v.  18,  No.  11-12, 
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"J.  Res.  Nat.  Bur.  Standards",  1950, 
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p.  13-14;  Logan  Hugh  L. ,  Hesslg  H.  , 
v.  44,  No.  3 >  P-  233;  Bothwell  M.R.  ,  "J.  Electrochem.  Soc.",  1959  >  v. 
106,  No.  12,  p.  1014-18;  Fabian  R.J.  and  Stevens  J. ,  "Materials  In  De¬ 
sign  Engng",  1958,  v.  48,  No.  7* 

M.A.  Timonova 
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CORROSION  OF  MOLYBDENUM.  Compact  molybdenum  Is  relatively  stable 
in  the  air,  although  its  polished  surface  dulls  after  several  days.  The 
average  rate  of  corrosion  of  rolled  molybdenum  in  atmospheric  condi 
tions  Is  about  0.0002  mm/yr.  With  heating  in  the  ai^  molybdenum  oxi¬ 
dizes,  and  at  a  temperature  cf  about  700°  its  oxides  begin  to  evaporate 
intensively.  At  1000-1200°  the  molybdenum  loss  as  a  result  of  vaporiza¬ 
tion  cf  the  oxides  from  the  surface  amounts  to  about  1.5  mm/hr. 

Molybdenum  does  not  interact  with  cold  solutions  of  t.ie  alkalis 
NaOH  and  KOH,  dissolves  sparingly  in  dilute  alkalis  in  the  air  and  dis¬ 
solves  rapidly  in  the  presence  of  the  molten  salts  KN02,  KNO^,  KCIO^, 
KgCO^  and  other  oxidizers.  Molybdenum  is  relatively  stable  to  the  ac¬ 
tion  of  certain  molten  metals  (Table  2).  In  all  the  molten  metals  the 
presence  of  oxygen  reduces  its  stability.  After  a  100-hour  test  in  so¬ 
dium  vapors  at  1500°  Intercrystalline  corrosion  is  observed  In  speci¬ 
mens  of  molybdenum  at  a  depth  of  0.025  mm.  Molybdenum  interacts  with 
gallium  at  50°°*  with  an  aluminum  alloy  containing  2  at.  %  uranium  at 
900°.  It  has  also  been  established  that  molybdenum  does  not  interact 
with  U02  and  BeO  in  the  course  of  a  100-hour  test  at  1100°. 

Macroetching,  the  removal  of  the  gas -saturated  surface  layer  from 
molybdenum  semifabricates  or  the  preparation  of  their  surface  for  weld¬ 
ing  and  brazing  is  accomplished  in  various  solutions  containing  nitric 
acid,  while  the  best  results  are  given  by  use  of  a  solution  of  a  mix¬ 
ture  of  concentrated  nitric  and  orthophosphori c  acids  with  a  ratio  of 
1:1  (with  specific  weight  of  reagent  1. 37-1* 38). 

For  chemical  etching  of  microslides  of  Mo  and  Mo-base  alloys  the 
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following  reagent  Is  recommended:  2  g  NaOH  +  4  g  K-Fe(CN)gr60  cnr  H^O. 
TABLE  1 

Interaction  of  Molybdenum  with  Acids  and  Halogens 
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1)  Reagent;  2)  concentration  (wt.  #);  3)  interaction 
with  molybdenum;  4)  at  20°;  5)  with  heating;  6)  acids; 
7)  halogens;  8)  fluorine;  9)  chlorine;  10)  bromine;  11) 
iodine;  12)  does  not  Interact;  13)  same;  14)  interacts 
very  weakly;  15)  interacts;  16)  actively  dissolves 
molybdenum;  17 )  interacts  at  a  temperature  about;  18) 
interacts  at  200-250°;  19)  Interacts  above  110°;  20) 
does  not  Interact  with  a  temperature  about  70°;  21) 
does  not  Interact  at  500°. 


TABLE  2 

Stability  of  Molybdenum  in  Liquid  Metals 
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l)  Liquid  metal;  2)  resistance  to  pitting;  3)  at;  4) 
remarks;  5)  or;  6}  good;  7)  unsatisfactory;  o)  no  pit¬ 
ting  detected  after  160  hours  at  98O0;  detected  after 
22  hours  at  1095°  (0, 9-2. 4^) .10 ~2%  Mo  and  Bl;  9)  no 
pitting  noted  at  980°  in  course  of  250  hours;  10)  solu¬ 


bility  in  Li  less  than  10' 
hours . 


wt.  £  at  1000°  after  50 
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References:  Nuclear  Reactors,  transl.  from  Eng.,  Vcl.  3>  M.  ,  195^ 
(Material  of  US  AEC);  Zarubin  N.M. ,  Koptsik  A.N. ,  Proizvodstvo  tugoplav- 
klkh  metallov  (Production  of  Refractory  Metals),  M.-L.,  1941;  Filyand 
M.A.,  Semenova  Ye. I.,  Svoystva  redkikh  elementov  (Properties  of  Rare 
Elements)  (Handbook),  M. ,  1953*  Ye.S.  Ovsepyan 


CORROSION  OF  NICKEL  ALLOYS.  Nickel  and  the  nickel  alloys  are  char¬ 
acterized  by  high  corrosion  resistance  both  under  normal  atmospheric 
conditions  and  in  many  aggressive  media,  which  to  a  considerable  degree 
is  associated  with  the  comparatively  high  thermodynamic  stabibillty  of 
nickel  and  its  alloys  in  oxidizing  media.  Among  the  various  nickel-base 
alloys  there  is  great  practical  interest  in  the  corrosion-resistant  al¬ 
loys  alloyed  with  copper,  chromium,  molybdenum,  silicon. 


0  10  to  30  *0  10  to  TO  HO  §0  KX) 
2  M.SO,  ML,  x 


Fig.  1.  Effect  of  sulfuric  acid  concentration  on  corrosion  rate  of  the 
70#  Ni  +  30#  Cu  alloy  at  30°.  (Mixing  velocity  5.2  m/min,  test  duration 
24  hours),  l)  Corrosion  rate,  mm/yr;  2)  concentration,  #  by 

3)  solution  saturated  uy  nitrogen;  4)  solution  saturated  by  air. 
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Fig.  2.  Effect  of  hydrochloric  acid  concentration  on  the  corrosion  rate 
of  the  70#  Ml  +  30#  Cu  alloy  at  30°.  I)  Solution  saturated  with  air, 
test  duration  24  hours;  II)  solution  saturated  with  nitrogen,  test  dur¬ 
ation  48  hours;  l)  HC1  concentration,  #  by  weight;  2)  corrosion  rate, 
mm/yr. 
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loys  of  the  Ni-Cu  system  have  the  highest  corrosion  resistance.  The 
wrought  alloy  monel -metal  containing  30#  Cu,  1.5-2#  Fe ,  1.5#  Mn,  re¬ 
mainder  nickel  Is  widely  used.  Monel-metal  has  considerably  higher  cor¬ 
rosion  resistance  than  nickel  in  nonoxidizing  acids  containing  oxygen 
(aerated  solutions).  The  corrosion  resistance  of  monel-metal  in  sulfur¬ 
ic  and  hydrochloric  acids  at  30°  is  shown  ir.  Figs.  1,  2.  Monel-metal  is 
stable  in  solutions  of  hydrofluoric  acid  of  all  concentrations  (includ¬ 
ing  anhydrous  hydrofluoric  acid)  and  resists  well  the  action  of  pure 
phosphoric  acid  of  all  concentrations  with  limited  access  to  air.  With 
strong  aeration  or  introduction  of  oxidizers  the  corrosion  rate  of 
monel-metal  in  hydrofluoric  and  phosphoric  acids  increases  sharply. 
Monel-metal  decomposes  in  nitric  acid.  Monel-metal  is  stable  in  sea  wa¬ 
ter,  with  quiescent  conditions.  Just  as  for  nickel,  being  less  favora¬ 
ble.  Monel-metal  is  characterized  by  high  corrosion  stability  in  solu¬ 
tions  of  the  alkalies  and  many  of  the  organic  acids  (with  limited  ac¬ 
cess  to  air).  Monel-metal  Is  stable  in  solutions  of  many  salts,  includ¬ 
ing  solutions  of  the  chlorides  NaCl,  ZnCl2.  In  acidic  solutions  of  the 
sal+'s  containing  lens  -  the  oxidizers  70#  Ni+30#  Cu,  NG^,  monel-metal 
is  unstable.  In  atmospheric  conditions  the  alloy  is  sensitive  to  the 
sulfur  dioxides.  With  Increase  of  the  temperature  the  corrosion  rate  of 
monel-metal  increases  considerably  (Figs.  3»  4)  in  all  media  with  the 
exception  of  solutions  of  hydrofluoric  acid  which  do  not  contain  an  ex¬ 
cess  of  air. 

Nickel-Chrome  Alloys.  We  differentiate  ferrous  and  non-ferrous 
nichromes.  The  ferrous,  nichremes  contain  60#  nickel  and.  13-15#  chromium, 
remainder  Fe.  Inconel,  containing  73-75#  Ni,  13-15#  Cr  and  5-6#  Fe  is 
also  a  ferrous  nichreme.  Nenferroun  nichroroe  usually  contains  about  20# 
Cr.  The  ferrous  and  non-ferrous  nichromes  have  high  corrosion  resist- 
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Fig.  3*  Effect  of  temperature  on  corrosion  rate  of  the  alloy  70$  Ni+30$ 
Cu  in  5-6$  solution  of  sulfuric  acid  with  flow  rate  of  4.7-5  m/mln;  I) 
Solution  saturated  with  air;  II)  solution  saturated  with  nitrogen.  1) 
Corrosion  rate,  nm/yr;  2)  temperature,  °C. 


Fig.  4.  Effect  of  temperature  on  corrosion  rate  of  the  70$  N1  -r  30$  Cu 
alloy  In  5$  solution  of  hydrochloric  acid  (test  duration  24  hours):  I) 
Solution  saturated  with  air;  II)  solution  saturated  with  nitrogen.  1) 
Corrosion  rate,  mm/yr;  2)  temperature,  °C. 


At  ordinary  temperatures  the  nlchroc^s  arc  stable  In  solutions  of 
sulfuric  acid  (to  5$)*  solutions  of  hydrofluoric  and  phosphoric  acids 
of  all  concent »*at ions  (including  anhydrous  hydrofluoric  acid,  and  also 
in  solutions  of  hydrogen  sulfide).  Alloys  with  20$  chromium  content  are 
particularly  corrosion  resistant  In  nitric  acid.  In  highly  concentratec 
nitric  acid  (over  9£>$)  and  other  strong  oxidizers  the  nichromes  decom¬ 
pose  as  a  result  of  the  overpassivation  phenomenon.  The  higher  the 
chromiun  content  in  the  nickel  alloys,  the  higher  their  stability  In 
solutions  of  nitric  acid;  here  the  addition  of  Fe  increases  the  stabil 
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ity  of  the  nlchromes.  In  hot  solutions  of  nitric  acid  the  stability  of 
the  nichromes  is  less  than  that  of  the  chrome -nickel  and  chrome  stain¬ 
less  steels.  The  nichromes  are  stable  in  salt  solutions,  in  acidic  sol¬ 
utions  of  the  chlorides,  with  the  exception  of  FeCl^  and  CuClg  solu¬ 
tions.  The  nichromes  are  stable  in  the  organic  acids  at  ordinary  tem¬ 
peratures,  but  their  stability  is  markedly  reduced  in  boiling  solutions 
of  acetic  and  formic  acids.  The  nichromes  are  stable  in  alkaline  solu¬ 
tions  with  the  exception  of  those  which  are  highly  concentrated  (at 
high  temperatures),  for  example,  90-98$  NaOH  at  375-475° >  in  this  case 
the  ferruginous  nichromes  are  more  stable.  The  nichromes  are  also  sta¬ 
ble  in  an  aqueous  solution  of  ammonia. 

Nickel-Molybdenum-Iron  and  Nickel -Molybdeniun-Iron-Chromium  Alloys. 
Alloying  of  nickel  with  molybdenum  sharply  increases  its  corrosion  re¬ 
sistance  in  solutions  of  hydrochloric  acid.  The  Ni-Mo  alloys  have  high 
resistance  in  solutions  of  sulfuric  acid.  Alloys  alloyed  with  iron  have 
found  practical  application,  since  in  this  case  it  is  possible  to  ob¬ 
tain  alloys  which  can  be  pressured  worked  using  conventional  technology. 
The  Ni-Mo-Fe  alloys  are  additionally  alloyed  with  Cr,  W  and  Si.  There 
are  two  alloys  of  the  Nl-Mo-Fe  type:  alloy  A  (EI460)  containing  20$  Mo 
and  20$  Fe,  alloy  B  (El46l)  with  30$  Mo  content  and  5$  Fe.  Both  alloys 
are  stable  In  a  hydrochloric  acid  solution.  With  Increase  of  the  tem¬ 
perature  the  corrosion  rate  increases,  particularly  that  of  alloy  A. 
A?loy  B  is  stable  in  solutions  of  hydrochloric  acid  of  all  concentra¬ 
tions  right  up  to  the  boiling  point  (Fig.  5)*  The  alloys  are  stable  In 
a  sulfuric  acid  solution  to  50$  and  with  temperatures  to  70°,  however, 
in  the  presence  of  oxidizers  their  corrosion  resistance  is  sharply  re¬ 
duced  both  In  sulfuric  and  hydrochloric  acids.  They  also  have  low  cor¬ 
rosion  resist  uce  in  solutions  of  nitric  acid.  In  order  to  ensure  high 
corrosion  resistance  of  the  NI-Mo-Fe  alloys  in  oxidizing  conditions. 
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they  are  additionally  alloyed  with  chromium  to  15#  and  with  tungsten  to 
5%  (alloy  C)  or  only  with  chromium  to  20 %  (alloy  P).  With  regard  to 
stability  in  hydrochloric  acid  containing  no  oxygen,  these  alloys  are 
inferior  tc  alloy  B,  particularly  at  elevated  temperatures.  The  corro¬ 
sion  resistance  of  the  alloys  A  and  B  is  markedly  reduced  in  the  pres- 

3+  ?+ 

ence  of  the  i  >ns  FeJ  ,  Cu  ,  while  under  these  conditions  the  alloys  C 
and  F  are  characterized  by  high  corrosion  resistance.  All  these  alloys 
are  stable  in  organic  acids,  alkali  solutions,  neutral  and  alkaline 
solutions  of  the  salts. 

Of  the  nickel-base  casting  alloys 
widest  application  has  been  found  for 
the  alloys  L’  and  G  (indium).  Alloy  D 
contains  10#  Si,  3#  Cu  and  is  used  for 
operation  in  hot  solutions  of  sulfuric 

0  2>  Hu"ue"*>OOuu*  *::*  tor*'.  X 


of  all  concentrations  and  in  other  non¬ 
oxidizing  acids  and  salts.  In  oxidizing 
acidic  media  the  alloy  is  characterized 
by  low  corrosion  resistance.  Alloy  G 
has  a  more  complex  composition:  22#  Cr, 
6#  Cu,  6#  Mo,  6#  Fe,  sometimes  contains 


Fig.  5*  Corrosion  rate  of  up  to  2#  W  and  to  1#  Al.  This  alloy  is 

nickel-base  alloys  of  the 

Ni-Mo-Fe  and  Mi-Mo-Fe-Cr  stable  in  sulfuric,  nitric,  phosphoric 

systems:  a)  In  aerated  hy¬ 
drochloric  acid  at  70°;  b)  acids  and  their  mixtures,  and  also  in 
in  boiling  hydrochloric 

acid,  l)  Weight  loss,  mg/  solutions  of  the  salts.  The  corrosion 

/cm2  in  24  hours;  2)  acid 

concentration,  #;  3)  alloy  rate  of  alloy  G  increases  with  higher 


temperatures.  The  alloy  is  characterized 
by  high  resistance  to  corrosion  in  sea  water.  Its  corrosion  resistance 
is  unsatisfactory  in  solutions  of  hydrochloric  acid  and  in  moist  chlo¬ 
rine.  Among  the  casting  alloys,  use  is  made  of  the  Inconel  alloy  con- 
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talning  about  2 %  SI;  Its  corrosion  properties  are  close  to  those  of 
wrought  Inconel.  Casting  variants  of  the  alloys  A,  B,  C,  F  also  are 
used. 

Comparative  data  on  the  corrosion  resistance  of  typical  nickel  al¬ 
loys  at  ordinary  temperatures  are  presented  in  Table  1.  The  classes  of 
corrosion  resistance  are  shown  in  accordance  with  the  logarithmic 
scale  of  corrosion  rate  following  GOST  5272-50:  I)  Completely  stable, 
corrosion  rate  <  0.001  mm/yr;  II)  very  stable,  from  0.001  to  0,01  "nn/yr; 
III)  stable,  from  0.01  to  0.1  mm/yr;  IV)  less  stable,  from  0.1  to  1  mm/ 
/yr;  V)  low  stability,  from  1  to  10  mm/yr-;  VI)  unstable,  above  10  mm/yr. 
The  corrosion  rate  increases  considerably  with  Increase  of  the  tempera¬ 
ture  (Figs.  3-5)* 

Depending  on  the  magnitude  of  the  stationary  potential,  tne  nickel 
alloys.  Just  as  the  stainless  steels,  may  be  in  the  active,  pass  ve  and 
overpassive  states  (see  Corrosion  of  Stainless  Steels).  Figure  6  shows 
the  potentiostatic  curves  for  certain  nickel  alloys  in  1  I,  KC1.  The  po- 
t.entlestatic  curve  for  the  alloy  F  is  similar  to  that  for  the  stainless 
steels.  Alloy  C  has  a  comparatively  lov;  critical  passivation  anode  cur¬ 
rent,  differing  little  from  the  residual  current  density  In  the  passive 
condition.  With  increase  of  the  potential  the  corrosion  rate  of  the  al¬ 
loy  Increases  somewhat,  particularly  noticeably  in  the  overpassivation 
region.  The  high  corrosion  resistance  of  alloys  F  and  C  is  similar  to 
the  corrosion  resistance  of  the  stainless  steels,  which  is  associated 
with  their  high  capability  for  passivation  resulting  from  alloying  with 
chromium.  The  corrosion  resistance  of  the  nichromes  also  Increase  wxth 
increase  of  the  chromium  content,  here  there  is  a  sharp  reduction  of 
the  value  of  the  critical  passivation  anode  current  density  (Fig.  7)* 

The  alloys  F,  C  and  the  nichromes  have  particularly  great  advantages 
for  operation  in  media  containing  oxidizers,  however  in  strongly  cxi- 
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dizing  media  with  a  potential  over  1.2  v  they  are  subject  to  destruc¬ 
tion  as  a  result  of  overpassivation.  The  high  corrosion  resistance  of 
alloy  B  in  hydrochloric  acid  and  in  other  media  cannot  be  explained  by 
passivity  in  the  usual  sense  used  for  the  stainless  steels,  since  the 
alloy  does  not  have  a  sharply  defined  passivity  region  (Fig.  6).  Only 

a  very  narrow  portion  of  the  potentiostatic  curve  in  the  region  of  neg- 
thode  current  density  increases,  the  stationary  potential  of  the  alloys 
increases  and  the  corrosion  rate  increases  markedly,  while  the  corro¬ 
sion  rate  of  the  alloys  F  and  C  alloyed  with  chromium  diminishes  mark¬ 
edly  as  a  result  of  the  passivity.  The  polarization  diagrams  which 
clarify  the  effect  of  the  nature  and  rate  of  the  cathodic  process  on 
the  mechanism  of  corrosion  of  alloys  B,  C,  F  are  shown  in  Figs.  8  and  9- 
This  mechanism  is  well  illustrated  by  the  data  on  the  corrosion 
rate  of  the  nickel  alloys  in  hydrochloric  acid  (Table  2). 

The  nickel-base  alloys  are  less  sensitive  to  structural  corrosion 
than  the  stainless  steels,  which  is  apparently  associated  with  the 
greater  corrosion  resistance  of  nickel  in  the  active  state  in  nonoxi¬ 
dizing  media  in  comparison  with  iron  and  chromium.  However,  even  the 
nickel  alloys  in  certain  conditions  can  demonstrate  a  tendency  for  in¬ 
tergranular  corrosion  and  stress  corrosion.  Thus,  the  alloys  of  the  Ni- 
Cu  system  may  be  subject  to  corrosion  cracking  under  the  action  of  mer¬ 
cury  and  mercury  compounds,  solutions  of  fluosilicic  acid.  Concentrated 
solutions  of  caustic  soda  at  high  temperatures  cause  corrosion  crack¬ 
ing  of  the  Ni-Cu  alloys  and  the  nichromes,  although  the  nichromes  have 
The  nickel -base  alloys  are  less  sensitive  to  structural  corrosion 

than  the  stainless  steels,  which  is  apparently  associated  with  the 
greater  corrosion  resistance  of  nickel  in  the  active  state  in  nonoxi¬ 
dizing  media  in  comparison  with  iron  and  chromium.  However,  even  the 
nickel  alloys  in  certain  conditions  can  demonstrate  a  tendency  for  in¬ 
tergranular  corrosion  and  stress  corrosion.  Thus,  the  alloys  of  the  Ni- 
Cu  system  may  be  subject  to  corrosion  cracking  under  the  action  of  mer¬ 
cury  and  mercury  compounds,  solutions  of  fluosilicic  acid.  Concentrated 
solutions  of  caustic  soda  at  high  temperatures  cause  corrosion  crack¬ 
ing  of  the  Ni-Cu  alloys  and  the  nichromes,  although  the  nichromes  have 
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TABLE  1 

Class  of  Corrosion  Resistance  of  Nickel  Alloys  at  Ordinary 
Temperatures  (20-35  )  in  Typical  Aggressive  Media 
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n  (£);  3)  nickel;  4) 
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l)  Aggressive  medium;  2)  concentration 

Hastelloy  type  alloys;  u;  uxoiu-ume  type 
k°I20,JP  Inconel;  6)  nitric  acid;  9)  sulfuric  acid;  10) 
hydrochloric  acid;  11)  hydrofluoric  acid  (aerated);  12) 
caustic  soda;  13)  phosphoric  acid;  14)  sea  water;  15) 
acetic  acid;  16)  formic  acid. 


Fig.  6.  Anode  curves  for 
alloys  B,  C,  F  in  1  N  HC1 
at  room  temperature,  l) 
current  density;  2)  alloy. 


a  higher  resistance  to  this  form  of 
failure.  The  nlchrome  type  alloys  have  a 
tendency  to  pitting  corrosion,  particu¬ 
larly  in  stagnant  sea  water  conditions, 
however,  this  tendency  is  considerably 
less  than  that  of  the  stainless  steels; 
the  pitting  formed  in  this  case  is  broad¬ 
er  and  less  deep.  Pit  corrosion  is  mani¬ 
fested  particularly  strongly  in  a  hypo- 
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chlorite  solution.  Alloy  D  and  the  alloys  containing  molybdenum  are 
characterized  by  high  resistance  to  pitting  corrosion. 
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Fig.  7-  Effect  of  chromium  content  in  nickel  on  critical  anode  current 
density  for  passivation  in  aerated  0.01  N  H^SOh  at  25°  and  on  the  cri¬ 
tical  anode  current  density  for  passivation^in^alr-saturated  sulfuric 
acid  of  varying  concentration  (ma/cm2).  1)  Critical  passivation  current 
density;  2)  Cr  content,  by  wt;  3}  concentration. 


Fig.  8.  Polarization  diagram  clarifying  the  effect  of  the  nature  and 
rate  of  the  cathodic  reaction  on  corrosion  of  alloy  B  (sharp  increase 
of  corrosion  rate  in  presence  of  ions  of  the  oxidizer  Fe3+). 


Fig.  9*  Polar¬ 
ization  diagram 
clarifying  the 
different  corro¬ 
sion  rate  of  the 
alloys  B,  C,  F 
in  the  presence 
of  oxidizers.  1) 
Alloy. 


After  heating  in  the  500-700°  range,  the  nick 
el  alloys  A,  B,  C,  F  are  prone  to  intergranular 
corrosion  as  a  result  of  the  depletion  of  the 
grain  boundaries  of  molybdenum  and  chromium. 

Methods  of  protecting  the  nickel  alloys  from 
corrosion.  First  of  all,  provision  must  be  made 
for  the  proper  selection  of  the  alloys  for  opera¬ 
tion  in  the  particular  aggressive  media.  Alloys 
containing  chromium  should  not  be  used  in  nonoxi¬ 
dizing  aggressive  media;  under  these  conditions 
monel-metal  and  alloys  A,  B  are  used  at  both  nor¬ 
mal  and  elevated  temperatures.  On  the  contrary. 
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the  alloys  A,  B  should  be  used  In 
acidic  oxidizing  media.  Alloy  B  has  the 
highest  stability  in  hydrochloric  acid 
ir  high  concentrations  at  high  tempera¬ 
tures.,  and  additional  alloying  with 
antimony  (0. 5#)  increases  the  corro¬ 
sion  resistance  considerably.  In  the 
presence  of  oxidizers  it  is  advisable 
to  use  the  alloys  alloyed  with  chrom¬ 
ium  (C,  F),  in  many  cases  they  can  be 
replaced  by  the  nichromes.  Anodic  protection  can  be  used  for  the  alloys 
containing  chromium,  here  the  alloys  transition  from  the  active  to  the 
passive  state  and  this  state  is  maintained  with  a  very  small  current 
density.  Anealing  is  used  to  combat  corrosion  cracking  of  the  alloys  of 
the  Ni  —  Cu  system.  The  tendency  of  the  alloys  Ni  -  Mo  -  Fe  and  Ni  - 
Mo  -  Fe  -  Cr  to  intergranular  corrosion  after  heating  in  the  500-700° 
range  is  reduced  by  alloying  with  niobium,  which  binds  the  carbon  into 
carbides.  However,  the  effectiveness  of  niobium  alloying  is  consider¬ 
ably  less  than  with  stainless  steels.  Combined  alloying  with  niobium 
and  tantalum  is  also  used.  Alloying  with  vanadium  to  1. 5#  is  effective 
in  reducing  the  tendency  to  intergranular  corrosion. 

Heating  to  3000°  for  1-2  hours  is  used  to  reduce  the  tendency  of 
alloys  A  and  F  to  intergranular  corrosion;  this  heat  treatment  is  not 
effective  for  alloys  B  and  C  (for  optimal  heat  treatment  of  the  nickel 
alloys  see  Nickel  Alloys  -  Acid  Resistant).  In  atmospheric  conditions 
the  nickel-base  alloys  are  characterized  by  high  corrosion  resistance, 
particularly  in  the  polarized  condition. 

Nickel  is  stable  with  heating  in  an  oxidizing  atmosphere  to  900°, 
but  its  corrosion  resistance  diminishes  in  the  presence  of  sulfur  ox¬ 
ides.  Oxidation  of  nickel  at  high  temperatures  is  markedly  reduced  by 
chromium,  aluminum  and  silicon,  and  also  by  small  additions  of  calcium 
and  cerium  (Fig.  10).  Most  effective  is  the  combined  alloying  of  the 
nickel  alloys  with  these  elements.  Wide  use  is  made  of  the  nichromes  as 
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Corrosion  Rate  of  Nickel 
Alloys  in  1  N  HC1  +  1  N 
FeCl^  at  24-26°. 
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a  heat  resistant  material,  while  alloys  of  the  nimonic  type  on- 

ally  alloyed  with  titanium  and  aluminum  are  used  as  heat  resistant  and 
high  temperature  materials.  An  exceptionally  harmful  impurity  in  the 
nickel  alloys  is  cerium.  In  the  presence  of  cerium  there  is  formed  on 
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Pig.  10.  Effect  of  alloying 
additives  on  life  of  0.4-mm- 
diam.  80-20  nlchrome  wire  at 
1050°.  1)  Time,  hr;  2)  addi¬ 
tives,  #. 


the  grain  boundary  the  low-melting  eu¬ 
tectic  Ni-Ni3S2  (t°/pl  625®)  which  at 
high  temperatures  causes  a  tendency  of 
the  alloys  to  intergranular  corrosion. 
In  order  to  improve  the  corrosion  re¬ 
sistance  in  oxidizing  and  reducing  at¬ 
mospheres  containing  sulfur  oxides, 
the  nickel  is  alloyed  with  manganese 
(to  4.5#)  or  chromium. 

Corrosion  of  the  nickel  alloys  in 


molten  metals  and  hydroxides.  Nickel  and  its  alloys  (Hastelloy  A,  B,  C; 
Inconel,  nichromes,  monel-metal)  have  high  corrosion  resistance  in  mol¬ 
ten  sodium,  potassium  and  their  alloys  at  temperatures  to  650°  and  tem¬ 
perature  differentials  of  150°.  At  higher  temperatures  their  corrosion 
resistance  Is  reduced.  The  nickel  alloys  can  have  only  limited  applica¬ 
tion  in  molten  lithium,  in  this  case  the  chrome-nickel  alloys  have 
higher  corrosion  resistance,  while  nickel  and  monel-metal  are  lower. 
Nickel  and  its  alloys  decompose  rapidly  in  molten  bismuth,  lead  and 
their  alloys.  In  molten  caustic  soda  nickel  is  stable  to  675°,  at  high¬ 
er  temperatures  nickel  dissolves  with  transport  to  the  cold  portions  of 
the  piping.  Intense  dissolution  is  noted  above  800°.  Additions  of  sodi¬ 
um  alumlnate  and  sodium  carbonate  reduce  the  corrosion  of  nickel.  The 
dissolution  of  nickel  is  less  in  a  reducing  atmosphere  (for  example.  In 
hydrogen)  than  in  a  neutral  or  oxidizing  atmosphere. 
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CORROSION  OF  NIOBIUM.  Niobium  is  corrosion  resistant  in  many  chem¬ 
ical  reagents  and  is  widely  used  in  chemical  technology.  The  absence  of 
interaction  with  the  molten  alkaline  metals  to  comparatively  high  tem¬ 
peratures  makes  niobium  very  promising  for  use  as  a  material  for  heat 
exchangers  of  atomic  reactors,  where  its  application  is  desirable  be¬ 
cause  of  the  simll  neutron  capture  cross  section. 

As  a  result  of  interaction  with  gases  ( 0 2,  N2,  H2)  niobium  forms 
interstitial  solid  solutions  with  a  body -centered  cubic  lattice,  and 
then  forms  chemical  compounds  (oxides,  nitrides,  hydrides)  with  proper¬ 
ties  differing  markedly  from  the  properties  of  pure  niobium.  Oxygen 
solubility  increases  with  Increase  of  the  temperature  from  0.25#  (wt) 
at  500°  to  0.72#  (wt)  at  1915°.  Niobium  begins  to  oxidize  in  the  air 
above  200°.  Severe  oxidation  is  observed  even  at  400*.  During  oxidation 
there  are  formed  the  oxides  NbO  and  Nb02,  which  with  increase  of  the 
temperature  transition  to  the  higher  oxide  NbgO^.  The  rate  of  oxidation 

p 

of  niobium  reaches  400  g/m  /hr  at  1100°.  The  formation  of  the  higher 
oxide  Nb20^  which  is  accompnaied  by  a  considerable  Increase  of  the  vol¬ 
ume  (2.69  times)  and  the  appearance  of  internal  stresses,  leads  to  the 
destruction  of  the  oxide,  which  aids  in  the  further  oxidation  of  the 
metal . 

The  solubility  of  nitrogen  in  niobium  increases  with  increase  of 
the  temperature  from  0.005$<  (wt)  at  300*  to  0.07J*  (wt)  at  l^OO*.  With 
high  nitrogen  contents  there  are  formed  the  nitrides:  NbN  and  Nb^N.  Ni¬ 
obium  also  interacts  actively  with  hydrogen  with  the  formation  of  hy¬ 
drides,  where  the  less  impurities  the  niobium  contains  the  more  hydro- 
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gen  It  will  dissolve.  With  very  high  temperatures  the  solubility  of 
hydrogen  in  niobium  diminishes.  While  at  room  temperature  and  a  pres 


1)  Medium;  2)  concentration  (wt  £);  3)  temperature  (°C);  k) 
corrosion  (n*n/yr);  5)  Inorganic  acids;  6)  nitric  acid;  7) 
mixture  of  nitric  and  hydrofluoric  acids;  8)  hydrogen  perox¬ 
ide;  9)  hydrofluoric  acid;  10)  sulfuric  acid;  11)  hydrochlo¬ 
ric  acid;  12)  mixture  of  hydrochloric  and  nitric  acids  (2:1) 
13)  orthophosDhorlc  acid;  Ik)  perchloric  acid:  15)  alkaline 
solutions;  16)  ammonia  (aqueous  solution);  17)  caustic  potas 
slum;  18)  caustic  soda;  1§)  Inorganic  salts;  20  potassium 
bichromate;  21)  aluminum  chloride;  22)  magnesium  chloride; 
23)  sodium  cl-*crlde;  2k)  tin  chloride;  25)  zinc  chloride; 
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26)  organic  reagents;  27)  tartaric  acid;  28)  lactic  acid;  29) 
glaoial  acetic  acid;  30)  phenol;  31)  oxalic  acid;  32)  molten 
metals;  33)  bismuth;  34)  bismuth-lead;  35)  potassium  (with 
minimal  oxygen  content);  36)  calcium;  37)  lithium;  38)  mag¬ 
nesium;  39)  sodium  (with  minimal  oxygen  content):  40)  mer¬ 
cury;  41)  concen*--ated:  42)  same;  43)  solution;  44)  aqueous 
saturated  solution;  45)  dissolves  rapidly;  46)  brittle;  47) 
corrodes;  48)  good  stability;  49)  limited  stability;  50) 
dissolves. 

sure  of  1  atm  niobium  of  98*5#  purity  will  dissolve  104  cmVg#  at  900° 
it  will  dissolve  only  4  cuP/g.  Above  1000°  niobium  practically  does  not 
react  with  hydrogen.  Beyond  the  limits  of  solubility,  hydrogen  forms  a 
niobium  hydride  which  is  highly  brittle.  The  niobium  hydrides  decompose 
in  a  vacuum.  The  presence  of  gases  has  a  marked  effect  on  the  mechani¬ 
cal  and  physical  properties  of  niobium.  Oxygen  has  a  particularly 
strong  effect  on  the  properties  of  niobium.  The  metal  becomes  brittle 
when  saturated  with  oxygen,  loses  its  capability  for  being  deformed, 
welded  and  machined. 

References:  Zakharova  O.V. ,  et  al. ,  Nlobly  i  yego  splavj  [Niobium 
and  its  Alloys],  M. ,  1961;  Slavinskiy  M. P. ,  Piziko-khlmlcheskiye  svoy- 
itva  elementov  [Physico-Chemical  Properties  of  the  Elements],  M. ,  1952; 
Samsonov  G.V. ,  Konstantinov  V.I.,  Tantal  1  niobiy  [Tantalum  and  Niobi¬ 
um],  M. ,  1959;  —  KhN  1  P,  1958,  Vol.  1,  No.  5;  Gettsel '  K. ,  Poluche- 
niye,  svoystva  1  prlmenenlye  nlobiya  1  tantala  [Extraction,  Properties 
and  Use  of  Niobium  and  Tantalum],  in  book:  Nlobly  i  Tantal  [Niobium  and 
Tantalum],  collection  of  transl.,  M. ,  1954. 

G.V.  Kurganov,  L.P.  Zharova 
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CORROSION  OP  STAINLESS  STEELS.  The  high  corrosion  resistance  of 
the  stainless  steels  Is  determined  by  their  ability  to  be  easily  passi¬ 
vated  even  in  ordinary  atmospheric  conditions  by  the  oxygen  of  the  air. 
This  property  depends  on  the  chromium  content  -  the  basic  alloying  ele¬ 
ment  of  the  stainless  steels.  The  lowest  chromium  content  which  pro¬ 
vides  the  steels  a  passive  conditions  is  12$.  With  increase  of  the 
chromium  content  the  corrosion  resistance  of  the  stainless  steels  in 
oxidizing  conditions  increases  markedly.  Nickel  also  provides  passiva¬ 
tion  for  the  stainless  steels,  but  to  a  considerably  smaller  degree. 

The  corrosion  resistance  of  the  stainless  steels  also  depends  strongly 
on  the  carbon  content ;  as  a  rule,  with  increase  of  the  carbon  the  cor¬ 
rosion  resistance  of  the  stainless  steels  diminishes  considerably  (Pig. 
1).  To  provide  hi^.h  corrosion  resistance  the  stainless  steels  are  in 
many  cases  additionally  alloyed  with  molybdenum,  copper,  titanium,  nio¬ 
bium  and  other  elements. 

The  corrosion  resistance  of  the  stainless  steels  depends  on  the 
structural  state. 

The  solid  solutions  alloyed  with  chromium  and  nickel  have  the 
highest  corrosion  resistance.  All  the  factors  which  increase  the  nonho¬ 
mogeneity  of  the  structure  of  the  stainless  steels  with  the  formation 
of  carbides,  nitrides  and  the  lntermetallides  of  chromium  lead  to  re¬ 
duction  of  the  chromium  concentration  in  the  solid  solution  and  to  the 
reduction  of  the  corrosion  resistance  of  the  stainless  steels.  The  cor¬ 
rosion  resistance  of  tne  stainless  steels  is  determined  by  the  stabili¬ 
ty  of  the  passive  film  and  depends  on  the  nature  of  the  aggressive  me- 
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dium.  As  a  rule,  In  oxidizing  media  the  stainless  steels  have  high  cor¬ 
rosion  resistance,  while  In  nonoxidizing  aqueous  media  the  corrosion 
rate  of  the  stainless  steels  is  high  and  increases  with  increase  of  the 


chromium  content,  since  in  these  conditions  the  chromium  is  thermodyna¬ 


mically  unstable  as  a  result  of  the  destruction  of  the  passive  film 


‘P  CodtP"Om*  ftHpodo.  X 


(Fig.  2).  Thus,  the  stainless  steels  are  stable  in 
solutions  of  nitric  acid,  various  neutral  and 
weakly-acid  solutions  with  access  to  oxygen,  and 
are  unstable  in  hydrochloric,  sulfuric  and  hydro¬ 
fluoric  acids. 


Fig.  1.  Effect 
of  carbon  con¬ 
tent  on  corro¬ 
sion  rate  of 
Khl3  steel 
(heat  treat:  an¬ 
neal  850°,  hold 
for  1  hour,  fur¬ 
nace  cool)  in  a 
10%  nitric  acid 
at  boiling  tem¬ 
perature  for  50 
hours.  1)  Corro¬ 
sion  rate,  g/m  - 
-hr;  2)  carbon 
content,  %. 


It  has  recently  been  established  that  the 
stainless  steels  also  lose  their  stability  in 
strongly-ozidizing  media  (Fig.  3)  as  a  result  of 
the  destruction  of  the  passive  films  with  high  ox¬ 
idizing  -reducing  potential  of  the  medium.  This  new 
phenomenon  has  been  termed  overpassivation  or 
transpassivatJon  of  the  stainless  steels.  This  ef¬ 
fect  shows  up  in  highly  concentrated  nitric  acid, 
particularly  at  high  temperature,  and  also  in 


other  strongly  ozidizing  media. 


1 


*5  600  - 
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The  comparative  corrosion  resistance  of  typi¬ 
cal  stainless  steels  in  various  media  at  ordinary 
temperatures  are  shown  in  Table  1.  The  classes  or 


Fig.  2.  Effect  of  corrosion  resistance  are  shown  in  accordance  with 
chromium  content  on 

corrosion  stability  the  logarithmic  scale  of  corrosion  rate  following 
of  stainless  steel 

in  cold  10#  sulfuric  QOST  (Oovt.  Standard)  5272-50- 
acid  (without  stir¬ 
ring  or  aeration).  I  -  completely  stable,  0.001  ram/yr;  II  -  very 

stable,  from  <0.001  to  0.01  mm/yr;  III  -  stable, 

from  0.01  to  0.1  mm/yr;  IV  -  reduced  stability,  from  0.1  to  1  ram/yr; 
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V  -  low  stability,  from  1  to  10  mm/yr;  VI  -  unstable,  above  10  mm/yr. 

With  increase  of  the  temperature  the  corrosion  resistance  of  the 
stainless  steels  deteriorates  markedly  in  both  nonoxidizing  and  oxidiz¬ 
ing  media  (Pigs.  4,  5).  High  alloying  with  nickel,  and  also  with  copper 


TABLE  1 

Classes  of  Corrosion  Resistance  of  Stainless  Steels  at 
Ordinary  Temperatures  (20-38°)  in  Typical  Aggressive 

Media 
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1)  Aggressive  medium;  2)  concentration  (#);  3)  nitric  acid; 
4)  sulfuric  acid;  5)  hydrochloric  acid;  6)  phosphoric  acid; 
7)  formic  acid;  8)  acetic  acid;  9)  oxalic  acid;  10)  chromic 
acid;  ll)  hydrofluoric  acid;  12)  sea  water;  13)  caustic 
soda. 


and  molybdenum,  leads  to  a  sharp  improvement  in  the  corrosion  resist- 
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ance  of  the  stainless  steels  in  sulfuric  acid. 


Fig.  3*  Corro¬ 
sion  rate  of 
stainless  steel 
Khl8N9T  as  a 
function  of  the 
concentration  of 
nitric  acid  at 


50c 


Mechanism  of  electrochemical  corrosion,  pas¬ 
sivity  and  overpassivity  of  the  stainless  steels. 
Corrosional  and  electrochemical  behavior  of  the 
stainless  steels  is  determined  not  only  by  the 
chromium  content,  but  also  by  the  oxidizing  pro¬ 
perties  of  the  aggressive  media  (oxidizing -reduc¬ 
ing  potential  and  concentration  of  the  oxidizer 
which  is  present  in  the  solution). 

The  passive  state  of  the  stainless  steels 
arises  with  definite  potentials  and  rates  of  the 


cathodic  reaction.  For  the  genesis  of  the  passive  state  of  any  metal, 


including  the  stainless  steels,  it  is  necessary  that  the  oxidizing -re¬ 
ducing  potential  of  the  medium,  and  consequently  the  potential  of  the 


Fig.  4.  Corro¬ 
sion  rate  of 
typical  stain¬ 
less  steels  in 
boiling  solu¬ 
tions  of  nitric 
acid  of  varying 
concentration, 
l)  Weight  loss, 
g/m  -hr.;  2)  ni¬ 
tric  acid  concen¬ 
tration,  3) 
steel. 


cathodic  reaction,  exceed  the  value  of  the  first 
critical  anodic  potential  for  metal  passivation 
and  that  the  cathode  current  (rate  of  the  cathodic 
process)  exceed  the  value  of  the  critical  passiva¬ 
tion  anodic  current  density.  Nonobservance  of 
these  conditions  leads  to  an  active  state,  and  the 
stainless  steel  dissolves  rapidly.  The  conditions 
for  passivity  of  the  stainless  steels  are  provided 
in  oxidizing  media,  and  the  conditions  for  the  ac¬ 
tive  state  are  provided  in  reducing  or  weakly  oxi¬ 
dizing  media,  which  corresponds  to  the  experiment¬ 
al  data  on  the  corrosion  resistance  of  the  stain¬ 
less  steels  in  various  media  (Table  1).  The  higher 


the  chromium  content,  the  more  negative  is  the  passivation  potential 


and  the  lower  the  passivation  anodic  current  density  of  the  stainless 
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steels  (Table  2).  The  electrochemical  parameters  shown  characterize  the 
tendency  of  the  stainless  steels  to  passivation. 

With  transition  from  the  active  to  the  pass¬ 
ive  state,  on  the  steels  there  can  be  noted  an  un¬ 
stable  state  in  which,  depending  on  the  effect  of 
various  factors,  the  metal  can  reach  complete  pas¬ 
sivation  or  can  again  transition  into  the  active 
state.  Complete  passivity  of  the  steels  is  achiev¬ 
ed  with  higher  potentials  (Table  2),  which  depend 
on  the  steel  composition  and  in  many  cases  on  the 
solution  composition  (for  example,  the  presence  of 
activators).  It  has  been  established  that  the  pas¬ 
sive  state  of  the  stainless  steels  can  be  destroyed  by  means  of  anodic 
polarization  with  a  high  potential  or  by  the  creation  of  strongly  oxi¬ 
dizing  conditions  with  a  high  oxidizing-reducing  potential  of  the 
medium. 


Fig.  5*  Effect 
of  temperature 
on  corrosion  of 
Khl8N10M2  steel 
in  sulfuric  acid. 
1)  Weight  loss, 
g/m-hr;  2)  tem¬ 
perature,  6C. 


TABLE  2 

Conditions  for  Passivity  of  Steels  with  Varying  Chro 
mium  Content  at  Room  Temperature 


Coctts  CTa.iH 

1 

Cpeaa 

2 

**KH 

Kpirrm.  nuTfmi»ia;i 
uAct'MiiaiiHii  no 
Du^Opofllloi  UlKa.lC 

3  <•> 

4  • 

‘•K 

n-nrrTHocrb  hphtih. 
HitoAHorn  To«a 
IIHCCMBaUHM 

4  (Md  CaM») 

KPIITH1  IlirTPHUaUI 

n>uiHiiK  iiaccHMaan 
.  no  eoanpoiMo* 
jp  nma/ir  («) 

Fe 

„  1 h  H, SO, 

40. 49 

1  7000 

_ 

Pe 

(  IU%-H«H  H,SO, 

+  0,48 

1000  • 

0.5 

Pe+  2. 8%  Cr 

0  To  >we 

40.45 

380  • 

0.5 

Fe*8  .Vyt  Cr 

Ke  +  9,5%  cr 

Fe  +  1 2%  Cr 

0  . 

+  0.3 

340 

0.5 

• 

40. 2 

27 

0.48 

• 

—  '.02 

27 

0.38 

Fe  +  1  4%  Cr 

• 

-  M)5 

19 

0.32 

FeH6%Cr 

• 

-'i.OI 

12 

0.2 

Fe.  18%  Cr 

• 

11 

0.2 

Fe+  18%  Cr 
+  8%NI 

• 

2.2 

*  Higher  actual  current  density  indicates  effect  of 
mechanical  passivity 

l)  Steel  composition;  2)  medium;  3)  E'icn  critical  pas¬ 
sivation  potential  on  hydrogen  scale  (v;;  4)  i'-^  pas¬ 
sivation  critical  anode  current  density  (ma/cm2);  5)  E'^ 
critical  potential  for  complete  passivation  on  hydrogen 
scale  (v);  6)  1  N;  7)  10#;  8)  same. 
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The  different  states  of  the  stainless  steels  (active,  passive,  un¬ 
stable  and  overoassivation)  can  be  shown  well  with  the  aid  of  the  po- 
tentiostatic  diagrams  of  corrosion  rate-potential  or  anode  current  den¬ 
sity-potential,  where  we  have  in  mind  the  equivalent  corrosion  rate 
current  without  account  for  the  current  expended  on  the  release  of  hy¬ 
drogen  in  the  region  of  the  strongly  negative  potentials  or  the  release 
of  oxygen  in  the  region  of  the  highly  positive  potentials.  A  schematic 
of  the  potentiostatic  diagram  for  stainless  steel  is  shown  in  Fig.  6. 

oS/tocm 
1  coc* omtva 


3 
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Fig.  6.  Fotentiostatic  diagram  for  stainless  steel  which  characterizes 
the  active  and  passive  state,  the  overpassivation  state  and  the  unsta¬ 
ble  state:  E™  is  the  protective  or  equilibrium  potential;  E'^  is  the 
critical  anode  potential  for  complete  passivation;  E\  is  the  second 
critical  potential  -  the  over-passivation  potential;  i the  pas¬ 
sivation  anode  critical  current;  ipass  i s  the  residual  current  in  the 
passive  state.  1)  Region  of  the  active  state;  2)  region  of  the  unstable 
state;  3)  region  of  the  passive  state;  4)  overpassivation  region. 

In  the  active  region  and  the  overpassivation  region  the  rate  of 
corrosion  of  the  stainless  steels  Increases  with  Increase  of  the  poten¬ 
tial  in  accordance  with  the  law  of  electrochemical  kinetics.  In  the  un¬ 
stable  region,  on  the  other  hand,  the  corrosion  rate  of  the  stainless 
steels  diminishes  with  increase  of  the  potential,  which  is  associated 
with  the  passivation  of  the  surface  of  the  stainless  steels.  On  reach¬ 
ing  complete  passivation,  the  rate  of  corrosion  of  the  stainless  steels 
becomes  practically  independent  of  the  potential. 

The  corroslonal  stability  of  the  stainless  steels  is  determined  by 
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the  magnitude  of  the  stationary  potential  and  by  its  position  relative 
to  the  values  of  the  critical  potentials  (Er,  E’^,  E'^,  E''^)*  The  val¬ 
ue  of  the  stationary  potential  corresponds  to  the  point  of  intersection 
of  the  cathode  curve  with  the  anode  polarization  curve.  With  the  aid  of 
the  polarization  diagram  (shown  schematically  in  Fig.  7)  we  can  indi¬ 
cate  all  three  basic  states  (active ,  passive,  overpassivation)  which 
determine  the  electrochemical  and  corrosional  behavior  of  stainless 
steel.  On  Fig.  7  the  points  E  .  .  ,  E„„  mark  the  values  of  the 

stationary  potential  of  stainless  steel  respectively  in  the  active, 
passive  and  overpassive  states.  From  this  diagram  it  follows  that,  de¬ 
pending  on  the  magnitude  of  the  oxidizing-reducing  potential  and  the 
rate  of  the  cathode  reaction,  the  stainless  steel  may  be  in  the  active 
state,  i.e.,  it  behaves  like  an  ordinary  carbon  and  low-alloy  steel,  in 
the  passive  state  shich  is  the  most  characteristic  state  for  stainless 
steel,  and  in  the  overpassivation  state  where  the  corrosion  of  stain¬ 
less  steel  again  increases. 

The  corrosion  rate  depends  not  only  on  the  steel  composition,  but 
also  on  the  value  of  the  pH,  the  nature  and  the  concentration  of  the 
activators,  the  internal  and  the  externally  applied  stresses,  the  tem- 
pei’ature,  the  inhibitors  present.  Depending  on  these  factors,  there  are 
variations  of  the  values  of  the  critical  potentials,  and  also  the  den¬ 
sity  of  the  anode  current,  the  equivalent  corrosion  rates,  i.e.,  the 
potentiostatic  diagrams  may  be  displaced  in  the  coordinates:  corrosion 
rate-potential.  Thus,  with  increase  of  the  activator  concentration  and 
the  temperature  there  is  a  narrowing  of  the  region  of  the  passive  state 
and  an  Increase  of  the  corrosion  rate  In  the  passive  state.  Increase  of 
the  temperature  and  the  concentration  of  the  hydrogen  ions  also  leads 
to  an  Increase  of  the  corrosion  rate  of  the  stainless  steels  in  the  ac¬ 
tive  state.  The  anode  inhibitors  can  alter  the  corrosion  rate  in  the 
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passive  state  and  the  value  of  the  potentials  for  complete  passivation 
and  overpassivation,  and  also  the  passivation  current  of  the  stainless 
steels. 


Fig.  7.  Polarization  diagram  characterizing  the  three  basic  states  of 
stainless  steel  (active,  passive  and  overpassive  states):  E'k  is  the 
critical  anode  potential  for  complete  passivation;  E\  is  the  critical 
anode  potential  for  overpassivation;  Er  is  the  equilibrium  or  protect¬ 
ive  potential;  E'ok,  E"^,  E'"^  (lower  curve)  are  the  values  of  the 
o,:idizing-reducing  potentials  in  the  given  conditions;  iak  is  the  cri¬ 
tical  passivation  anode  current;  l^t  is  the  current  in  the  active 
state;  lpaSg  is  the  residual  current  in  the  pass!  s  state;  ipep  is  the 
current  in  the  overpassivation  state,  l)  Er;  2)  Eg^i  3)  E'^;  4)  Epasg; 
5)  Eper;  6)  lpass*  7)  lper*  ^akt*  9)  iak* 


According  to  the  present  concepts,  the  passive  state  of  the  metals 
is  determined  by  the  adsorption  or  phase  film  formed  on  the  metal  sur¬ 
face.  Characteristic  for  the  stainless  steels  is  the  formation  of  phase- 
adsorption  films,  here  the  phase  films  can  be  formed  both  prior  to  im¬ 
mersion  of  the  stainless  steels  in  the  solution  ("primary  films,"  aris¬ 
ing  in  the  air),  and  during  immersion  into  the  solution,  when  with  deep 
passivation  (time,  potential)  the  adsorption  films  transition  into 
phase  films  which  are  detectable  by  the  electronographic  and  chemical 
methods.  The  forming  phase  films  aid  in  the  deeper  passivation  of  the 
stainless  steels  in  the  film  pores  and  at  the  locations  of  destruction 
of  the  phase  film  as  a  result  of  the  effect  of  self-polarization,  here 
the  given  films  perform  the  function  of  an  effective  cathode  which  re- 
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acts  to  the  oxidizing-reducing  properties  of  the  solution.  The  struc¬ 
ture  of  the  passive  film  formed  on  the  stainless  steels  is  shown  sche¬ 
matically  in  Fig.  8.  As  a  result  of  the  selfpolarization,  the  oxygen  is 
embedded  deeply  into  the  metal.  The  overpasslvatlon  effect  of  the 
stainless  steels  is  associated  with  the  formation  of  soluble  compounds 
or  ions  of  hexavalent  chromium,  here  a  stationary  potential  of  1.36  v 
(Fig.  9)  Is  established  on  the  steel,  corresponding  to  the  reaction  ac¬ 
cording  to  the  equation: 

2Ct*  +  *  +7H,0  Z  Cr,0('  +  14H*  +60* 

With  the  presence  of  activators  and  applied  stresses  there  may  occur  a 
breakdown  of  the  film  at  a  potential  lower  than  1.36  v.  Increase  of  the 
temperature  has  an  effect  in  this  same  direction.  The  considered  mech¬ 
anism  for  corrosion,  passivity  and  overpassivity  of  the  stainless 
steels  applies  to  all  classes  of  the  stainless  steels. 

Structural  and  local  corrosion  of 
stainless  steels  and  methods  of  combat¬ 
ing  it.  In  view  of  the  complex  struc¬ 
tural  state  and  the  great  difference  In 
the  electrochemical  and  corrosion  pro¬ 
perties  of  the  structural  components, 
the  stainless  steels  are  particularly 
prone  to  the  manifestation  of  various 
local  failures  ( intercrystalline  corrosion,  stress  corrosion,  pitting 
and  spalling  corrosion).  Crevice  corrosion  is  also  characteristic  for 
the  stainless  steels  in  complex  structures  having  gaps  and  crevices. 

Tr.e  corrosion  of  local  nature  is  the  most  dangerous  fo-Tn  of  failure  of 
the  metals  in  structures. 

Intergranula  corrosion  of  the  austenitic  stainless  steels  shows  up 
in  the  weld  Joints  and  with  improper  heat  treatment  of  the  stainless 


Fig.  8.  Schematic  represen¬ 
tation  of  passive  surface  of 
stainless  steel,  where  M  is 
the  metal,  P  is  the  phase 
film,  the  circles  are  the 
adsorption  film. 
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steel  (heating  In  the  500-800°  range).  The  phenomenon  of  Intergranular 
corrosion  Is  due  to  the  fact  that  the  grains  are  In  a  passive  state 
while  the  boundaries  of  the  grains  are  In  the  active  state.  The  condi¬ 
tions  for  passivation  of  the  grain  body  and  the  grain  boundary  differ 
sharply  as  a  result  of  the  formation  on  the  grain  boundaries  of  chromi¬ 
um  carbides  In  the  form  of  a  continuous  chain  and  the  formation  of  re¬ 
gions  depleted  of  chromium  (less  than  12 % 
chromium),  while  the  grain  body  retains  In 
the  solid  solution  a  high  chromium  content 
(more  than  12%)  which  Is  capable  of  support¬ 
ing  the  grain  in  the  passive  state.  Moreover, 
with  the  formation  of  the  carbides  and  ln- 
termetal  1  Ides  along  the  grain  boundaries 
there  appear  Internal  stresses  which  also 
hinder  the  passivation  of  the  grain  bounda¬ 
ries.  The  austenitic  steels  which  are  not  stabilized  by  titanium  or  ni¬ 
obium  have  the  nighest  tendency  to  Intergranular  corrosion.  In  the  weld 
joint  the  effect  of  the  Intergranular  corrosion  (Pig.  10)  shows  up  In 
the  parent  metal.  In  the  heat  effected  zone  at  some  distance  from  the 
weld  seam  where  there  are  created  favorable  conditions  for  the  forma¬ 
tion  of  chromium  carbides  (heating  to  450-850°).  It  has  been  establish¬ 
ed  that  with  Increase  of  the  carbon  content  In  the  steel  the  sensitivi¬ 
ty  to  intergranular  corrosion  of  the  chrome -nickel  steels  increases 
markedly;  it  also  depends  on  the  temperature  and  time  of  tempering 
(Pig.  11).  The  greatest  sensitivity  of  the  austenitic  cnrome-nlckel 
steels  to  Intergranular  corrosion  is  seen  after  tempering  at  a  tempera¬ 
ture  of  650*.  Grain  size  Is  also  of  significant  Importance  for  inter¬ 
granular  corrosion;  It  has  been  established  that  the  smaller  the  grain 
size,  the  lower  the  sensitivity  of  the  stainless  steels  to  intergranu- 
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Pig.  9.  Time  variation 
of  electrode  potential 
of  Khl8N9T  steel  In  a 
96#  solution  of  nitric 
acid  at  room  tempera¬ 
ture.  l)  Potential,  v; 
2)  t  ne,  min. 
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lar  corrosion  (Pig.  12).  The  sensitivity  of  the  ferritic  steels  to  In¬ 
tergranular  corrosion  also  Increases  with  Increase  of  the  carbon  con¬ 
tent.  However,  the  greatest  sensitivity  Is  shown.  In  contrast  with  the 

austenitic  steels,  after  quenching  or  normalization 
from  high  temperatures  as  a  result  of  formation 
during  cooling  from  the  supersaturated  solution  of 
nonequilibrium  ferruginous  carbides  and  nitrides  of 

Pig.  10.  Inter¬ 
granular  corro-  chromium.  In  these  cases  there  Is  also  observed  a 
slon  In  parent 

metal  as  a  re-  depletion  of  the  chromium  and  an  Increase  of  the 

suit  of  the  ac¬ 
tion  of  welding  Internal  stresses  of  the  grain  boundaries.  With  the 
heat. 

use  of  high  tempering  and  In  particular  with  an¬ 
nealing  at  78O-8500,  as  a  result  of  diffusion  there  takes  place  an 
equalizing  of  the  concentration  of  the  chromium  through  the  grain  and 
the  sensitivity  of  the  steel  to  Intergranular  corrosion  Is  eliminated. 


Pig.  11.  Maximal  sensitivity  to  Intergranular  corrosion  of  chrome-ni¬ 
ckel  steel  ( 1856  Cr,  8#  N1  with  low  carbon  content)  as  a  function  of 
temperature  and  heating  time.  1)  Heating  temperature,  °C;  2)  heating 
time,  hours;  3)  region  of  maximal  sensitivity. 


Fig.  12.  Effect  of  grain  size  on  tendency  of  chrome-nickel  steel  (l8£ 
Cr,  8 %  Nl)  to  intergranular  corrosion.  1)  Depth  of  Intergranular  cor¬ 
rosion,  mm/100  hours;  2)  soak  time  in  dangerous  temperature  zone, 
hours;  3)  coarse  grain;  U)  fine  grain. 
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For  the  determination  of  the  tendency  of  the  stainless  steels  to 
Intergranular  corrosion  the  most  rapid  testing  can  be  conducted  in  sol¬ 
ution  where  the  stationary  potential  of  the  stainless  steel  is  between 
the  grain  passivation  potential  and  the  grain  boundary  passivation  po¬ 
tential,  which  Is  regulated  by  the  oxidizing -reducing  potential  of  the 
medium.  According  to  GOST  6032-58  accelerated  tests  on  the  intergranu¬ 
lar  corrosion  of  the  austenitic  stainless  steels  are  conducted  after  a 
provoking  anneal  at  650°  for  2  hours.  Several  methods  of  accelerated 
testing  are  used  depending  on  the  composition  and  applications  of  the 
steels. 

The  following  effective  methods  are  used  to  combat  intergranular 
corrosion:  1)  Reduction  of  the  carbon  content,  which  leads  to  a  reduc¬ 
tion  of  the  carbide  formation  along  the  grain  boundaries.  Usually  the 
stainless  austenitic  and  ferritic  steels  containing  less  than  0.03# 
carbon  are  insensitive  to  intergranular  corrosion.  2)  Use  of  water 
quench  from  a  high  temperature  '.or  the  austenitic  steels  (the  same  ef¬ 
fect  is  achieved  for  many  s*^els  by  normalization  from  high  tempera¬ 
tures).  Here  the  chromium  carbides  along  the  grain  boundaries  go  into 
the  solid  solution.  3)  Use  of  a  stabilizing  anneal  at  750-900°.  As  a 
result  of  the  diffusion  process,  there  takes  place  an  equalization  of 
the  chromium  concentration  both  through  the  grain  and  along  the  grain 
boundaries.  This  method  is  particularly  effective  for  the  ferritic 
chrome  steels.  4)  Alloying  of  tae  steel  with  stabilizing  carbide-form¬ 
ing  elements  -  titanium,  niobium,  tantalum  (Fig.  13)*  Titanium  and  nio¬ 
bium  are  more  energetic  carbide -forming  elements  than  chromium,  here 
the  titanium  and  niobium  carbides  are  formed  at  higher  temperatures 
than  the  chromium  carbides.  In  place  of  the  chromium  carbides,  the  car¬ 
bon  is  bound  into  the  titanium  or  niobium  carbides,  and  the  chromium 
concentration  in  the  solid  solution  is  maintained  the  same  not  only 
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through  the  grain,  but  also  along  the  grain  boundaries.  The  titanium 
content  in  the  stainless  austenitic  steels  must  be  5  times  greater  than 
that  of  carbon  and  the  niobium  content  must  De  8-10  times  greater  than 
the  carbon.  The  addition  of  titanium  also  eliminates  the  intergranular 
corrosion  of  the  ferritic  chrome  steels  (Pig.  14).  5)  The  creation  of 
two-phase  austenitic-ferritic  steels.  The  opposing  governing  laws  in 
the  behavior  of  the  austenitic  and  ferritic  steels  are  well  combined  in 
the  austenitic-ferritic  steels,  which  are  insensitive  to  intergranular 
corrosion.  Depending  on  the  heating  regime,  the  intergranular  corrosion 
is  blocked  by  ferrite  grains  or  by  austenite  grains.  To  reduce  the  ten¬ 
dency  to  intergranular  corrosion  of  weldments  of  the  austenitic  steels, 
use  is  made  of  welding  wire  made  from  two-phase  austenitic-ferritic 
steels. 

In  certain  media  there  has  been  found  a  new 
form  of  intense  local  corrosion  of  weld  seams  of 
the  stainless  steels  in  the  zone  lying  directly 
adjacent  to  the  weld  seam  ("knife"  corrosion). 
The  steels  stabilized  by  niobium  or  titanium  are 
also  subject  to  this  form  of  structural  corro¬ 
sion.  These  phenomena  are  associated  with  high 
heating  of  the  steels  during  welding  (above 
1300°)  when  the  titanium  or  niobium  carbides 
transfer  completely  into  the  solid  solution. 

With  the  subsequent  rapid  cooling  the  titanium 
or  niobium  carbides  do  not  manage  to  precipitate 
out,  however  favorable  conditions  are  created 
for  the  formation  of  chromium  carbides  in  close 
proximity  to  the  weld  seam,  as  a  result  of  which  there  arise  zones  de¬ 
pleted  of  chromium;  the  Internal  stresses  are  also  increased  in  these 
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Fig.  13.  Effect  of 
titanium  on  sensi¬ 
tivity  of  an  id-8 
type  stainless 
steel  tc  inter¬ 
granular  corrosion, 

1 )  Rate  cf  inter¬ 
granular  corrosion, 
r.ir./i 00  hours;  2) 
heating  temperature 
°0  with  soak  of  1000 
hours;  3)  18-8  steel 
with  Ti;  4)  heat 
treatment  tempera¬ 
ture,  °C. 
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zones.  All  this  leads  to  rapid  destruction  of  the  steel  in  the  zone  di¬ 
rectly  adjacent  to  the  weld  seam  as  a  result  of  its  transition  into  the 
active  state.  "Knife"  corrosion  also  manifests  itself  in  the  overpassi¬ 
vated  state  in  strongly  oxidizing  media  (Fig.  15)*  The  nature  of  the 
mechanism  of  "knife"  corrosion  is  analogous  to  intergranular  corrosion. 
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Fig.  14.  Effect  of  titanium  addition  on  corrosion  of  weld  Joint  of  KhlT 
steel  in  60%  nitric  acid:  l)  Khl7  steel;  2)  Khl7  steel  with  titanium 
addition;  3)  weight  loss,  g/m2-hr;  4)  heat  treatment  temperature,  °C. 


The  primary  methods  of  combating  "knife"  corrosion  are:  reduction  of 
the  carbon  content  in  the  steel,  stabilizing  anneal,  increase  of  the 
titanium  or  niobium  content  above  the  theoretical  value,  use  of  two- 
phase  austenitic-ferritic  steels,  use  of  welding  regime  with  elimina¬ 
tion  of  the  action  of  critical  temperatures  in  the  heat-effected  region. 

Most  prone  to  stress  corrosion  are 
the  high-strength  martensitic  stainless 


Fig.  15.  Form  of  "knife" 
corrosion  of  welded  speci¬ 
mens  of  Khl8N9T  steel. 


steels,  and  also  (in  some  media)  the 
austenitic  stainless  steels,  although 
they  do  have  high  plasticity.  Alloying 


with  titanium  or  niobium  does  not  eliminate  the  tendency  of  the  austen¬ 
itic  steels  to  stress  corrosion.  Stress  corrosion  of  the  stainless 
steels  Is  associated  with  the  formation  of  notches  as  a  result  of  the 
selective  dissolution  of  the  grain  boundaries,  lormation  of  block 
structures  and  other  nonhomogeneous  regions  of  the  steel  in  which  the 
stresses  are  concentrated  and  the  anode  polarizability  is  sharply  re¬ 
duced.  Here  there  arises  a  large  differential  in  the  rates  of  solution 
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of  the  basic  metal,  which  is  in  the  passive  state,  and  of  the  metal  in 
the  notches,  which  is  in  the  active  state.  On  termination  of  the  so- 
called  incubation  period,  as  a  result  of  the  intense  rectilinear  corro¬ 
sion  in  the  notches  there  is  a  reduction  of  the  working  section  of  the 
detail.  Then  the  strength  of  the  metal  becomes  less  than  the  applied 
stress  so  that  there  occurs  spontaneous  development  of  a  crack  and  de¬ 
struction  of  the  detail.  The  sensitivity  of  the  stainless  steels  to 
stress  corrosion  is  determined  in  a  boiling  4 2 %  Sulution  of  magnesium 
chloride  in  which  the  failure  of  many  steels  may  take  place  under  the 
influence  of  the  internal  stresses.  It  has  been  established  that  stress 
corrosion  of  the  austenitic  stainless  steels  depends  strongly  on  the 
nickel  content.  The  highest  sensitivity  to  stress  corrosion  is  shown 
with  a  nickel  content  of  9-14$  in  the  steel,  with  further  increase  of 
the  nickel  the  sensitivity  to  stress  corrosion  diminishes  and  with  a 
nickel  content  over  40$  the  steel  becomes  resistant  to  stress  corrosion. 
Reduction  of  the  nickel  content  (less  than  9-14$)  also  leads  to  a  sharp 
increase  of  the  resistance  to  corrosion  cracking,  which  must  be  associ¬ 
ated  with  the  formation  of  two-phase  austenitic-ferritic  steels  which 
are  marked  by  a  high  resistance  to  stress  corrosion.  Activators  (chlo¬ 
rine  ions,  etc.)  present  in  the  solution  particularly  stimulate  stress 
corrosion. 

The  primary  methods  of  combating  stress  corrosion  are:  reduction 
of  the  applied  external  stresses,  increase  of  the  nickel  content  in  the 
steel  to  create  a  stable  austenite,  the  creation  of  a  two-phase  austen¬ 
itic-ferritic  steel  by  means  of  reducing  the  nickel  or  alloying  with 
ferrite-forming  elements,  use  of  heat  treatment  (high -temperature  tem¬ 
pering  for  the  martensitic  steels  or  stabilizing  anneal  for  the  austen¬ 
itic  steels),  creation  of  compressive  stresses  on  the  surface  of  the 
steel,  for  example,  by  shot-peening,  reduction  of  the  activator  con- 

1006 


II-8ki5 

centration. 

Spot  and  pitting  corrosion  of  the  stain?«.ess  steels  is  often  en¬ 
countered  with  operation  sea  water.  In  many  cases  it  may  be  of  a  per¬ 
forating  nature  (for  plates  and  straps).  The  mechanism  of  spot  and  pit¬ 
ting  corrosion  is  associated  with  the  adsorption  of  chlorine  ions  onto 
certain  portions  of  the  steel  surface,  as  a  result  of  which  localiza¬ 
tion  of  the  corrosion  takes  place.  Here  the  main  surface  of  the  steel 
is  in  the  passive  state,  while  the  portion  with  the  adsorbed  chlorine 
ions  is  in  the  active  state;  the  corrosion  products  causes  this  situa¬ 
tion.  Spot  corrosion  in  the  presence  of  chlorine  ions  can  be  caused  by 
breakdown  of  the  passive  film  under  a  high  potential.  Spot  and  pit  cor¬ 
rosion  can  also  develop  as  a  result  of  the  appearance  of  various  sur¬ 
face  defects  (inclusions,  intermetallides ,  film  damage,  etc.).  The  ten¬ 
dency  of  the  various  stainless  steels  to  spot  and  pit  corrosion  in  sea 
water  is  shown  in  Table  3- 

TABLE  3 

Rate  of  Spot  Corrosion  of 
Various  Stainless  Steels 
in  Sea  Water 
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1.75 

C85 

X  IHHI2M2 

0,039 

0,18 

1923 

X2  5H20 

0,072 

0.18 

988 

l)  Steel;  2)  corrosion  rate 
(g/m2/day);  3)  greatest 
depth  of  spot  corrosion 
(mm/yr);  4)  test  time  (days). 

Th~  resistance  to  spot  corrosion  of  all  the  stainless  steels  in¬ 
creases  sharply  with  agitation  of  the  sea  water. 

Alloying  with  molybdenum  permits  a  sharp  increase  of  the  breakdown 
potential  of  the  passive  film  in  the  presence  of  the  chlorine  ions  and 
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thereby  expands  the  region  of  passivity  of  the  stainless  steels  in  the 
presence  of  the  chlorine  ions.  Nickel  also  reduces  the  sensitivity  of 
the  stainless  steels  to  spot  corrosion. 

For  stainless  steel  details  of  complex  structure  which  have  cre¬ 
vices,  gaps,  pockets,  the  characteristic  form  of  corrosion  is  crevice 
corrosion.  The  mechanism  of  crevice  corrosion  is  associated  with  the 
restriction  of  the  diffusion  of  oxygen  or  other  oxidizers  (as  depolari¬ 
zers)  or  anodic  corrosion  retarders  (inhibitors)  into  the  inaccessible 
regions  of  the  structure,  as  a  result  of  which  there  is  a  sharp  reduc¬ 
tion  of  the  anodic  depolarization  on  these  regions,  the  steel  potential 
is  reduced  and  the  stainless  steel  transitions  into  the  active  state. 

The  methods  of  combating  crevice  corrosion  reduce  first  of  all  to 
structural  techniques  -  elimination  >>f  gaps,  crevices,  pockets,  con¬ 
tacts  of  the  steel  with  nonmetallic  materials.  Increase  of  the  content 
of  oxidizer  or  anodic  retardants  is  also  very  effective  if  they  are 
present  in  the  solution. 

Methods  of  improving  corrosion  resistance.  The  corrosion  resist¬ 
ance  of  the  stainless  steels  can  be  to  a  considerable  degree  improved 
by  the  methods  of  alloying,  use  of  optimal  heat  treatment  regimes, 
suitable  mechanical,  chemical  and  electrochemical  treatment,  the  use  of 
anodic  protection.  The  increase  of  the  chromium  content  is  most  effec¬ 
tive.  With  increase  of  the-  chromium  there  is  an  expansion  of  the  region 
of  the  passive  state  of  the  stainless  steels,  since  the  passivation  po¬ 
tential  and  current  arc  reduced  so  considerably  (Table  2).  With  a  high 
chromium  content  the  stainless  steels  are  stable  even  in  weakly  acidic 
media.  The  corrosion  stability  of  the  stainless  steels  Increases  mark¬ 
edly  with  reduction  of  trie  carbon  content,  which  is  particularly  impor¬ 
tant  for  combating  structural  corrosion  and  improvement  of  the  corro¬ 
sion  resistance  of  steel  after  hi rh -temperature  tempering.  Introduction 
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of  nickel ,  molybednum  and  copper  (Pigs.  16-18)  considerably  Improves 
the  corrosion  resistance  of  the  stainless  steels,  particularly  In 
weakly  oxidizing  media.  Here,  on  the  one  hand,  there  Is  an  Increase  of 
the  thermodynamic  stability  of  the  steels,  and  on  ;  he  other  there  Is  an 
Increase  of  the  passivity  and  the  protective  properties  of  the  passive 
films.  Particularly  effective  is  the  influence  of  titanium,  nlbium, 
tantalum  as  carbide -formers  for  combating  intergranular  corrosion. 
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Pig.  16.  Effect  of  nickel 
on  corrosion  rate  of 
stainless  Iron-nickel  al¬ 
loys  in  sulfuric  acid  of 
varying  concentration,  l) 
Corrosion  rate,  g/myhrj 
2)  nickel  content,  £ 


Recent  studies  have  established  the 
favorable  influence  of  alloying  of  the 
stainless  austenitic  and  ferritic  steels 
with  a  small  quantity  of  the  noble  metals 
(palladium,  platinum)  in  weakly  oxidizing 
media  at  high  temperatures,  when  the 
stainless  steels  are  in  the  active  state 
(Fig.  19). 

As  a  result  of  the  reduction  of  the 
hydrogen  overvoltage,  the  potential  of 


the  steels  when  alloyed  with  the  noble  metals  is  displaced  into  the 


passive  region,  as  a  result  of  which  the  passivity  of  the  type  18-8 


Fig.  17.  Ef¬ 
fect  of  copper 
on  corrosion 
resistance  of 
type  18-8  aus¬ 
tenitic  steels 
in  sulfuric 
acid  at  40° .  1 ) 
Weight  loss. 
mg/dm2  in  24 
hours. 


stainless  steels  is  increased  and  their  corrosion 
resistance  improves  sharply. 

Under  conditions  of  overpassivation  the  alloy¬ 
ing  of  the  stainless  steels  with  the  noble  metals  is 
not  effective  and  may  reduce  their  corrosion  resist¬ 
ance. 

The  corrosion  resistance  of  the  stainless 
steels  of  the  martensitic  and  austenitic  classes  di¬ 
minishes  sharply  after  high-temperature  tempering. 
The  steels  of  the  martensitic,  martensitic-ferritic. 
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Pig.  18.  Effect  of  molybdenum  on  corrosion  resistance  of  type  18-8 
stainless  steel  in  boilinh  80#  (I)  and  9G$  (II)  acetic  acid,  l)  Weight 
loss,  rag/dm^  in  24  hours;  2)  molybdenum  content, 


Pig.  19.  Corrosion  rate  of  chrom-nickel  stainless  steel  (18$  Cr,  8# 
Ni)  in  sulfuric  acid;  l)  Without  additional  alloying;  2  -  18  Cr  + 

8  Ni  +  0. 1  Pd;  3  -  18  Cr  +  8N1  +  1.24  Cu;  4  -  18  Cr  +  8N1  +  0. 1  Pt; 

5  -  18  Cr  +  8Ni  +  0.93  Pd.  (Test  duration  360  hours  at  20°).  6)  Cor¬ 
rosion  rate,  g/n^/hr. 


and  martensitic -carbide  classes  achieve  the  greatest  corrosion  resist¬ 
ance  after  hardening  and  low-temperature  tempering,  while  the  steels 
of  the  austenitic  and  austenitic -ferritic  class  have  the  highest  resist¬ 
ance  after  water  quench.  With  heating  there  takes  place  dissociation  of 
the  a  and  7  solid  solution  with  the  formation  of  chromium  carbides  in 
the  austenitic  steels  and  a  series  of  intermediate  structures  in  the 
martensitic  steels  (troostlte,  sorbite,  perlite).  If  the  tempered  aus¬ 
tenitic  and  martensitic  steels  are  subjected  to  a  stabilizing  anneal  at 
780-900°  their  corrosion  rate  decreases.  The  dependence  of  corrosion 
rate  on  the  heat  treatment  regime  is  shown  in  Fig.  20  for  the  martens¬ 
itic  steel.  Even  for  the  austenitic  steels  stabilized  by  niobium,  after 
quenching  from  high  temperatures  the  maximum  of  the  corrosion  rate  is 
shifted  as  a  function  of  the  temperature  and  the  duration  of  the  temper¬ 
ing.  The  ferritic  steels  have  the  highest  corrosion  resistance  after 
annelaing  in  the  range  of  76O-85O0.  The  corrosion  resistance  of  the 
stainless  steels  is  determined  by  the  protective  properties  of  the  pas¬ 
sive  surface  film,  which  depend  strongly  on  the  steel  composition  and 
the  surface  finish  quality.  As  a  irule,  the  stainless  steels  with  rough¬ 
ly  finished  surface  are  characterized  by  a  low  corrosion  resistance. 

The  highest  corrosion  resistance  in  atmospheric  conditions  is  achieved 
in  the  poloshed  condition.  In  order  to  Improve  the  protective  properties 
of  the  surface  film,  after  mechanical  working,  including  mechanical 
polishing,  the  stainless  steels  are  subjected  to  chemical  passivation. 

In  this  case  there  is  created  an  improved  passive  film  and  the  traces 
of  iron  picked  up  during  working  by  the  tool  (iron  traces  on  the  sur- 
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face  of  the  stainless  steels  become  a  coi'roslon  focus)  are  removed.  The 
passivation  is  performed  in  a  20#  solution  of  HNO^  at  45-55°  for  15-30 
minutes,  or  the  passivation  can  be  done  at  room  temperature  in  a  40# 
HN0-,  solution.  Passivation  of  the  martensitic  steels  is  performed  in  a 
solution  containing  20#  HN03  and  2#  ICgCr^  at  45-55°  for  15-30  minutes. 

Passivation  of  the  stainless  steels  can  be  performed  in  other  solutions 
which  contain  oxidizers. 


Electropolishing  is  used  for  small  details  to  provide  protection. 
The  electropolishing  regime  and  bath  composition  depend  on  the  composi¬ 
tion  and  the  structure  of  the  stairless  steels.  In  this  case  no  addi¬ 
tional  chemical  passivation  is  performed,  since  the  passive  film  is 
formed  in  the  process  of  the  electropolishing. 

In  accordance  with  passivity  theory,  after  transition  of  the  metal 
into  the  passive  state  there  is  required  a  very  slight  current  to  main¬ 
tain  the  steel  in  the  par  Give  state.  Therefore  in  many  cases,  for  ex¬ 
ample,  in  chemical  apparatus,  the  effect  of  anodic  protection  can  be 
used;  thus,  the  Khl8N9  steel,  which  is  subject  to  corrosion  in  sulfuric 
acid,  particularly  at  high  temperatures,  can  be  protected  by  means  of 
anodic  polarization.  To  transfer  the  stainless  steels  into  the  passive 
state  there  is  first  required  a  considerable  current  density,  however 
after  the  steel  is  brought  into  the  passive  state  only  a  few  microamps/ 
/cm2  is  required  to  maintain  the  passive  state. 

The  effect  of  anodic  protection  is  shown  in  Pig.  21.  In  those 
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cases  when  for  reasons  of  strength  it  is  necessary  to  use  steels  which 
are  prone  to  intergranular  corrosion,  the  paint-type  coatings  are  used 
for  their  protection  in  atmospheric  conditions  (see  Paint-Type  Steel 
Coatings). 


Fig.  21.  Effect  cf  ar.Mic  polarization  on  corrosion  of  the  Khl9N9  steel 
in  50#  nitric  acid  at  50°:  l)  Corrosion  of  steel  without  polarization; 
2)  corrosion  of  steel  with  anodic  polarization  with  current  density  2.5 
ua/cm2;  3)  magnitude  of  corrosion,  g/m2;  H)  time,  hours. 


Fig.  22.  Thermal  stability  of  various  types  of  steel:  I)  Carbon;  II) 
lcw-allcy;  III)  chrome  (6#  Cr) ;  IV)  chrome  (12-17#  Cr;  V)  silchrome  (8- 
1  yj  Cr.  2-3#  Si);  VI)  austenitic  chrome -nickel ;  VII )  high-chrome  (25- 
3O#  Cr).  1)  Weight  increase  after  250  hours,  g/cm2;  2)  temperature,  °C. 

Gas  corrosion  of  the  stainless  steel s  and  methods  of  combating  it. 
With  heating  in  air  or  in  an  oxygen  atmosphere,  the  stainless  steels 
are  subject  to  oxidati.fi  with  th«  formatior  of  scale.  Their  resistance 
to  oxidation  improves  with  Increase  of  the  chromium  content.  Figure  22 
shows  the  rate  of  ox is si ion  of  various  steels  in  air  as  a  function  of 
the  composition  and  temperature.  Nickel  also  Improves  the  resistance  to 
oxidation  (Fig.  23). 
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The  rate  of  oxidation  of  the  stainless  steels  can  be  considerably 
reduced  by  means  of  additional  alloying  with  aluminum  and  silicon 
(Figs.  24,  25).  Addition  of  tungsten  and  molybdenum  Increase  the  high- 
temperature  strength  but  reduce  the  thermal  stability  of  the  stainless 
steels.  Additions  of  cobalt  do  not  reduce  the  thermal  stability.  Alloy¬ 
ing  with  chromium  improves  the  corrosion  resistance  of  the  steels  in 
hydrogen  sulfide  considerably. 

For  protection  of  the  steels  from  oxidation  use  is  made  of  the 

thermodlffuslcnal  methods  of  saturating  the 
steel  surface  with  metals  which  improve  the 
thermal  stability  (chromizing,  aluminizing, 
siliconizing).  The  thermodlffusional  satur¬ 
ation  is  performed  In  solid  powders,  by  gas 
saturation  and  vacuum  saturation.  Thenno- 
dlffuslonal  saturation,  particularly  chrom¬ 
izing,  sharply  increases  the  corrosion  re¬ 
sistance  of  the  stainless  steels  in  many 
aqueous  solutions. 

Corrosion  of  the  stainless  steels  in 
molten  metals  and  hydroxides.  The  nature  of 
the  interaction  of  the  liquid  metals  with  the  stainless  steels  does  not 
obey  the  common  laws  governing  their  behavior  In  aqueous  sclutlon. 

Among  the  molten  metals,  liquid  sodium,  potassium  and  their  alloys  are 
least  corrosive.  It  has  been  found  that  the  austenitic  chrome -nickel 
steels  with  low  carbon  content  can  be  used  successfully  up  to  6f>0*  and 
with  a  temperature  drop  of  no  more  than  150*;  here  the  oxygen  impurity 
content  must  not  exceed  0.0*  .  02*.  With  a  higher  oxygen  Impurity  con¬ 

tent  embrittlement  of  the  austenitic  stainless  steels  will  take  place 
even  at  350*.  In  order  to  prevent  erosior.  It  Is  recommended  that  the 


Fig.  23.  Effect  of  ni¬ 
ckel  content  on  oxida¬ 
tion  of  steel  at  1000° 
with  various  chromium 
content:  I)-  31#  Cr;  2) 
-  26#  Cr;  3)-  21*  Crj 
4}-  16*  Cr;  5)-  11*  Cr; 
6)  weight  loss.  mg/cmc 
in  24  hours;  7)  nickel 
content,  *. 
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velocity  of  movement  of  the  molten  sodium,  potassium  and  their  alloys 
not  exoeed  8  m/sec.  High  purity  of  the  liquid  metal  with  regard  to  car* 
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Pig.  24.  Effect 
of  aluminum  con¬ 
tent  on  resist¬ 
ance  to  oxida¬ 
tion  of  steel 
with  6£  Cr.  1) 
Weight  loss,  mg/ 
/cm2  in  24  hours; 
2)  aluminum  con¬ 
tent. 


bon  is  also  required,  otherwise  there  will  be  car¬ 
bonization  of  the  stainless  steels  as  a  result  of 
the  Interaction  with  the  carbide -forming  elements 
found  in  the  steel  (chromium,  niobium,  etc.). 

Above  650°  in  liquid  sodium,  potassium  and  their 
alloys,  there  is  observed  selective  dissolution 
of  the  nickel  in  the  stainless  steels  and  its 
transport  to  the  cold  portions  of  the  piping.  Mol¬ 
ten  lithium  is  more  aggressive  with  regard  to  the 
stainless  steels,  particularly  above  760°.  Leach¬ 
ing  of  the  nickel  in  molten  lithium  takes  place 


far  more  rapidly,  here  the  surface  layer  of  austenitic  steel  is  trans¬ 
formed  into  ferrite,  therefore  the  high-chrome  ferritic  stainless 

_  steels  are  recommended  for  molten  llthi- 
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Pig.  25.  Effect  of  silicon 
content  on  resistance  to 
oxidation  of  steel  with  6 % 
Cr  at  300*  and  900°.  1) 
Weight  loss,  mg/cm2  in  24 
hours;  2)  silicon  content. 


lower  temperatures  and  with  small  temperature  differences  in  molten  li¬ 
thium.  Oxygen  In  the  molten  metals  is  combatted  by  means  of  the  intro¬ 
duction  of  small  quantities  of  calcium,  beryllium,  magnesium,  zirconium, 
titanium  and  other  easily  oxidized  metals  which  bind  the  oxygen.  It  has 
been  established  that  the  austenitic  steels  are  more  sensitive  to  cxy- 
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gen  impurities  than  the  ferritic  stainless  steels.  Molten  bismuth,  lead 
and  their  alloys,  alloys  of  bismuth  with  indium  and  lead  are  character¬ 
ized  by  very  aggressive  action.  The  high-chrome  ferritic  stainless 
steels  are  also  more  resistant  in  these  media.  Sodium  hydroxide  is  the 
most  corrosive  of  the  molten  hydroxides.  The  hydroxides  of  potassium, 
lithium,  strontium,  barium  are  less  active  in  regard  to  corrosion. 

References:  Akimov  Q.V.,  Osno/y  uchenlya  o  korrozii  i  zashchlte 
metallcv  (Fundamentals  of  tne  Study  of  Corrosion  and  Protection  ?f 
Metals),  M. ,  1946;  —  in  collection,  Issledovanlya  po  nerzhaveyushchim 
stalyam  (Studies  on  the  Stainless  Steels),  M. -L. ,  1956  (Trans,  of  Comm, 
on  Combating  Corrosion  of  Metals,  No.  2);  Akimov  G.V.,  Batrakov  V.P., 
DAN  SSSR,  1944,  Vol.  45,  No.  3,  P-  124;  Akimov  G.V. ,  Gurvich  L.Ya. , 

IAN  SSSR,  Otd.  khim.  nauk,  1945,  No.  5,  P*  412;  Batrakov  V.P.,  Korro- 
ziya  konslruktsionnykh  materialov  v  agresslvnykh  sredakh  (Corrosion  of 
Structural  Materials  in  Aggressive  Media),  Handbook,  M. ,  1952;  Korro- 
ziya  i  zashchita  metallov  (Corrosion  and  Protection  of  Metals),  collec¬ 
tion  cf  articles  edited  by  R. 3.  Ambartsumyan,  M. ,  1957;  Korrozlya  i 
zashchita  metallcv  (Corrosion  and  Protection  of  Metals),  collection  of 
articles  edited  by  V.P.  Batrakov,  M. ,  1962;  Tcmashov  N.D. ,  Teoriya 
korrozii  1  zashchity  metallov  (Theory  of  Corrosion  and  Protection  of 
Metals),  M. ,  1959;  Khlmushin  F.F.,  Nerzhaveyushchiye  klslot vupomyye  1 
zharoupornyye  stall  (Noncorrosive,  Acid-Resistant,  and  Heat-Resistant 
Steels),  2nd  ed. ,  M. ,  1945;  Kclorob'ye  L.  and  Gokhman  I.,  Nerzhaveyush¬ 
chiye  1  zharoprochnyye  stall  (Noncorrosive  and  Heat-resistant  Steels), 
transl.  from  French,  M. ,  1958;  Babanov  A. A.,  Nerzhaveyushchiye  stall, 
(Stainless  Steels),  M. ,  1956;  Medovar  B.I.,  Svarka  khrooonlkelevykh 
austenltnykh  staley  (Welding  of  Chrome -Nickel  Austenitic  Steels),  2nd 
ed. ,  Klev-M. ,  1958;  Shvarts  O.L. ,  Kristal  '  M.M. ,  Korrozlya  khlmcheskoy 
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apparatury.  Korrozionnoye  rastreskivaniye  i  metody  yego  predotvrash- 
cheniya  (Corrosion  of  Chemical  Apparatus.  Corrosion  Cracking  and  Me¬ 
thods  of  Preventing  It),  M. ,  1958;  Edeleanu  C.,  "Nature",  1954,  v.  173* 
No.  4407,  ?•  739;  Oliver  R. ,  International  committee  of  electrochemical 
thermodynamics  and  kinetics.  Proceedings  of  the  sixth  meeting.  1954,  L. , 
1955;  Boimel  A.  and  Carius  K. ,  "Arch.  Eisenhdttenwesen",  1961,  Bd  32, 

H.  4,  S.  237.  V.P.  Batrakov 
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CORROSION  OF  TANTALUM.  Of  all  the  refractory  metals  tantalum  has 

the  highest  resistance  to  corrosion.  In  its  chemical  stability  tantalum 

approaches  platinum.  It  Is  nearly  nonreactlve  with  all  the  orgailc  and 

Corrosion  Resistance  of  Tan¬ 
talum  In  Various  Media 


l)  Medium;  2)  temperature  (°C);  3)  Interaction;  4)  all  concentrations; 
51  aqua  regia;  6)  dilute  solution;  7)  concentrated  solution;  8)  zinc; 
9)  sodium;  10}  potassium;  11)  lithium;  12)  alloy  of  sodium  and  potas¬ 
sium;  13)  lead;  14)  bismuth;  15)  gallium:  16)  mercury;  17)  magnesium; 
l8)  alloys  of  magnesium  with  uranium:  19)  alloys  of  magnesium  with 
plutonium;  20)  does  not  interact;  2l)  same;  22)  corrodes  rapidly; 

23)  corrodes  slowly. 


mineral  acids,  with  the  exclusion  of  HF,  mixtures  of  HF  and  HNO^  and 

aqua  regia  (Table)  and  also  with  the  salt  solutions  which  do  not  give  a 
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strong  alkaline  reaction.  Noticeable  corrosion  of  tantalum  is  observed 
in  molten  alkalies  and  concentrated  alkaline  solutions.  With  corrosion 
of  tantalum  in  alkaline  solutions  there  is  frequently  observed  embrit¬ 
tlement  of  the  metal  as  a  result  of  hydrogen  adsorption.  Tantalum  has 
high  resistance  in  the  medium  of  several  of  the  molten  metals.  Interac¬ 
tion  of  tantalum  with  fluorine  is  noted  at  20° ,  chlorine  at  250°,  bro¬ 
mine  at  300°  and  iodine  above  1000°. 

References:  Hampel  C.A.,  "Corrosion”,  1958,  v.  14,  No.  12,  p.  29- 
32.  M. I.  Gavrylyuk 
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CORROSION  OF  TITANIUM  ALLOYS.  Titanium  and  its  alloys  have  high 
corrosion  resistance  in  atmospheric  conditions,  fresh  and  sea  water, 
solutions  of  the  majority  of  the  chlorides,  hypochlorites,  chlorine 
dioxide  and  many  salts  of  the  mineral  acids  at  both  ordinary  and  ele¬ 
vated  temperatures.  Titanium  and  its  alloys  also  have  high  corrosion 
resistance  in  acidic  oxidizing  media  (nitric  and  chromic  acids,  etc.) 
and  in  alkaline  solutions.  In  the  nonoxidizing  acids  (sulfuric,  hydro¬ 
chloric)  titanium  has  satisfactory  corrosion  resistance  at  ordinary 
temperatures  and  with  acid  concentrations  up  to  8-10#.  With  increase  of 
the  temperature  and  concentration  of  the  acids  and  alkalies,  the  corro¬ 
sion  rate  of  titanium  increases  sharply  (Figs.  1,  2).  For  sulfuric  acid 
two  maxima  of  the  corrosion  rate  are  observed,  corresponding  to  40  and 
75#  concentration.  In  40#  sulfuric  acid  the  corrosion  process  proceeds 
with  liberation  of  hydrogen,  this  acid  being  characterized  by  the 
greatest  electroconductivity  and  maximal  concentrations  of  the  hydrogen 
ions.  In  75#  solution  the  corrosion  process  is  accompanied  by  reduction 
of  the  sulfuric  acid  to  HgS  and  free  sulfur,  while  at  high  concentra¬ 
tions  (80-90#)  S02  and  free  sulfur  are  released.  Titanium  is  relatively 
more  resistant  in  phosphoric  acid  and  retains  high  corrosion  resistance 
up  to  a  30#  solution,  then  with  Increase  of  the  concentration  the  cor- 

XXJ, 

rosion  rate  rises.  Additions  of  the  oxidizers  (K2Cr20^;  HNO^;  Fe  ; 
Cu++;  Ogj  Cl2  and  others)  sharply  reduce  the  corrosion  rate  of  titanium 
and  its  alloys  in  hydrochloric  and  sulfuric  acids. 

Titanium  and  its  alloys  have  low  corrosion  resistance  in  solutions 

of  hydrofluoric  acidj  intense  corrosion  occurs  In  even  a  1#  solution  of 
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this  acid;  additions  of  oxidizers  are  Ineffective  and  even  increase  the 
corrosion  rate.  High  corrosion  resistance  of  titanium  is  noted  in  ace¬ 
tic  and  formic  acids;  the  majority  of  foodstuff  products  do  not  attack 
it.  Titanium  has  low  corrosion  resistance  in  hot  trichloroacetic  and 
oxalic  acids ,  in  which  titanium  forms  soluble  complex  compounds.  The 
classification  of  the  corrosion  resistance  of  titanium  in  typical  cor¬ 
rosive  media  at  ordinary  temperatures  is  shown  in  Table  1  in  accordance 
with  the  logarithmic  corrosion  rate  scale  following  OOST  5272-50:  class 
I  -  completely  stable,  corrosion  rate  <  0.001  mm/yr;  class  II  -  very 
stable  -  from  0.001  to  0.01  mm/yr;  class  III  -  stable  -  from  0.01  to 
0.1  mm/yr;  class  IV  -  reduced  stability  -  from  0.1  to  1.0  mm/yr;  class 
V  -  low  stability  -  from  1  to  10  mm/yr;  class  VI  -  unstable  -  >  10  mm/ 
/yr. 


Fig.  1.  Variation  of  titanium  corrosion  rate  with  temperature  and  con¬ 
centration  of  sulfuric  acid:  l)  at  30°;  2)  at  40°;  3)  at  50°;  4)  at 
100°;  5)  corrosion  rate,  mm/yr;  6)  concentration  of  H2SO4,  %  by  weight; 
7)  maximum  corrosion  in  355®  H2SO4  is  420  mm/yr. 


Fig.  2.  Variation  of  titanium  corrosion  rate  with  temperature  and  hy¬ 
drochloric  acid  concentration:  1)  At  35°;  2)  at  60°;  3)  at  100°;  4)' 
corrosion  rate,  mm/yr;  5)  HC1  concentration,  %  by  weight. 
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The  corrosional  behavior  of  the  industrial  titanium  alloys  VT3-1, 
VT5#  VT5-1,  VT6,  0T4  in  HC1  and  HgSO^  solutions,  in  spite  of  the  dif¬ 
ference  in  alloying,  is  practically  analogous  to  that  of  titanium  at 
both  ordinary  and  elevated  temperatures. 


TABLE  1 

Corrosion  Resistance  of  Titanium  in  Typical  Aggressive 
Media  at  Ordinary  Temperatures 
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1)  Aggressive  medium;  2)  concentration  ($6);  3)  stability 
class;  4)  hydrochloric  acid;  5)  sulfuric  acid;  6)  phos¬ 
phoric  acid;  7)  nitric  acid;  8)  formic  acid;  9)  acetic 
acid;  10)  hydrofluoric  acid;  11)  caustic  soda;  12)  sea 
water. 


Electrochemical  corrosion.  The  high  corrosion  resistance  of  titan¬ 
ium  and  its  alloys  in  many  media  is  associated  with  the  formation  of  a 
surface  film  which  has  high  chemical  stability.  The  formation  of  the 
film  in  an  aqueous  solution  proceeds  by  the  equation 

Ti+2H20  -*•  Ti02(hydrolytlc)+4H++4e". 

Oxides  of  more  complex  composition  may  also  be  formed.  The  natural 
films  on  titanium  are  very  thin  (12-50A)  and  compact,  they  are  insolu¬ 
ble  in  the  majority  of  the  electrolytes  and  are  difficult  to  reduce  to 
the  lower  oxides.  Dissolution  of  titanium  proceeds  according  to  the 
equation  Ti  -*■  Tli  +  f+3e’~*  Similar  to  aluminum,  the  normal  equilibrium 
potential  of  titanium  is  very  negative  and  is  equal  to  -1.23  v.  The 
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stationary  potentials  of  titanium  exceed  considerably  the  equilibrium 
potential.  In  distilled  water  and  0.01  N  solution  of  NaCl  the  electrode 
potential  of  titanium  becomes  more  noble  with  time  as  a  result  of  pas¬ 
sivation,  while  with  cleaning  It  becomes  strongly  less  noble,  however. 
It  quickly  returns  to  the  Initial  values  since  the  protective  film  Is 
again  formed. 

Titanium  and  Its  alloys  obey  the  general  laws  for  the  transition 
from  the  active  to  the  passive  state  and  vice-versa  which  have  been  es¬ 
tablished  for  the  other  passivating  metals  (see  Corrosion  of  Stainless 
Steels).  The  passive  state  is  achieved  by  either  anodic  polarization  or 
addition  of  oxidizers.  The  corrosional  behavior  of  titanium  and  its  al¬ 
loys  is  determined  by  the  magnitude  of  the  stationary  potential  and  its 
position  with  respect  to  the  equilibrium  potential,  the  potential  for 
the  beginning  of  passivation,  and  the  potential  for  complete  passiva¬ 
tion  (first  critical  potential).  Two  typical  states  must  be  differenti¬ 
ated  for  titanium:  active  and  passive.  The  tendency  of  titanium  to  pas¬ 
sivation,  Just  as  the  other  metals  and  alloys,  can  be  characterized  by 
the  value  of  the  critical  passivation  potential,  the  critical  passiva¬ 
tion  current  density,  and  the  value  of  the  critical  oxidizer  concen- 
tration  at  which  titanium  and  its  alloys  transition  Into  the  passive 
state. 

TABLE  2 

Conditions  for  Transition  of 
Titanium  from  Active  to  Pas¬ 
sive  State  in  Boiling  5# 

Na2S04  Solution 
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1)  H2SO4  content  {%)',  2)  cor¬ 
rosion  rate  (g/m2/hr;  3)  cri- 
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tlcal  passivation  current 
density  (ma/cm2);  4)  cri¬ 
tical  Fe*++  concentration 
(mg/liter). 


Table  2  presents  the  values  of  the  corrosion  rate,  critical  passi¬ 
vation  anode  current  and  critical  oxidizer  concentration  which  cause 
passivation  of  titanium  in  boiling  5#  solution  of  NagSO^  containing 
from  1  to  5#  H2S0^. 


■  ,—/»»* 


Pig.  3»  Variation  of  minimal  current  density  required  for  anodic  passi¬ 
vity  of  titanium  as  a  function  of  sulfuric  acid  concentration.  1)  on- 
centratiori,  wt.  #. 


i. 


Fig.  4.  Variation  of  minimal  current  density  required  for  anodic  passi¬ 
vation  of  titanium  as  a  function  of  hydrochloric  acid  concentration,  l) 
concentration,  wt.  #. 


Fig.  5.  Poten- 
tlostatic  curve 
for  titanium  in 
40#  sulfuric 
acid  at  40°  in 
current  density- 
potential  coor¬ 
dinates. 


The  values  of  the  critical  current  density 
for  passivation  of  titanium  in  HC1  and  H2S0^  sol¬ 
utions  as  a  function  of  the  acid  concentration 
are  shown  in  Figs.  3,  4.  Low  critical  passivation 
current  density  and  critical  oxidizer  concentra¬ 
tion  are  typical  for  titanium  and  its  alloys, 
which  confirms  their  capability  for  passivation. 

A  typical  potent iostatlc  diagram  characterizing 
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the  transition  of  titanium  from  the  active  to  passive  state  in  40# 
HgSO^  at  40°  is  shown  in  Pig.  5.  it  follows  from  this  diagram  that  the 
region  of  the  active  state  corresponds  to  a  potential  value  from  -0.42 
to  -O.25  v  (on  the  hydrogen  scale).  In  this  potential  region  the  titan¬ 
ium  corrosion  rate  increases  with  increasing  potential.  The  potential 
of  -0.25  v  corresponds  to  the  potential  for  the  beginning  of  passiva¬ 
tion.  The  potential  for  complete  passivation  corresponds  to  1O.O52  v 
and  depends  on  the  sulfuric  acid  concentration.  In  the  potential  inter¬ 
val  from  -0.025  v  to  +O.052  v  there  is  a  transition  from  the  active  to 
passive  state  (unstable  region).  The  corrosion  rate  diminishes  with  in¬ 
crease  of  the  potential.  Above  a  potential  of  +0.052  v  titanium  is  in 
the  passive  state,  characterized  by  high  corrosion  resistance  in  vari¬ 
ous  media  and  practically  independent  of  the  potential. 

In  contrast  with  chromium  and  the  stainless  steels,  in  solutions 
of  nitric,  chromic  acids  and  their  mixtures,  and  also  with  deep  anodic 
polarization,  titanium  is  not  prone  to  overpassivation.  However,  in  the 
presence  of  activators  (ions  of  chlorine,  iodine,  fluorine)  with  deep 
anodic  polarization,  in  the  region  of  high  potentials  there  may  appear 
the  breakdown  phenomenon  associated  with  destruction  of  the  passive 
film,  which  is  accompanied  by  Increase  of  the  corrosion  rate  with  in¬ 
crease  of  the  potential  and  in  many  cases  by  localized  corrosion  of  the 
pitting  form.  With  temperature  Increase  and  introduction  into  the  solu¬ 
tion  of  activators,  particularly  the  fluorine  ions,  the  corrosion  rate 
increases  sharply  even  in  the  passive  state  (for  example,  in  concen¬ 
trated  nitric  acid  containing  HP).  The  titanium  corrosion  rate  is  re¬ 
duced  in  concentrated  HP  acid.  Thus,  in  60-70#  HP  the  corrosion  rate  is 
less  by  a  factcrof  100  times  than  in  the  40#  solution,  which  is  ex¬ 
plained  by  the  formation  on  the  titanium  of  a  film  of  titanium  hydrides 
in  accordance  with  the  formula  T1  +  2H*  +  2e~  -*  TiH2.  Under  these  con- 
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ditions  the  corrosion  rate  does  not  depend  on  the  potential,  but  is  de¬ 
termined  by  the  rate  of  solution  of  the  hydride  film  according  to  the 
formula  TiH2  +  2H+  -►  Ti++  +  2H2,  in  this  case  there  arises  a  hydride- 
passive  state.  Although  the  hydride  film  Is  porous,  concentration  po¬ 
larization  is  quickly  achieved  in  its  pores  and  the  corrosion  rate  does 
not  progress.  In  nonoxidizing  acids  the  titanium  corrosion  rate  depends 
on  the  hydrogen  release  overvoltage,  which  on  titanium  is  reduced  In 
acidic  solutions  (Fig.  6).  It  reduces  even  more  with  the  introduction 
into  the  titanium  of  cathodic  additives  of  the  noble  metals.  Moreover, 
the  hydrogen  liberation  overvoltage  can  be  increased  by  means  of  intro¬ 
duction  of  certain  additives  into  the  solution.  Thus,  with  the  intro¬ 
duction  of  NH.,F  there  is  a  considerable  reduction  of  the  titanium  cor- 
rosion  rate  in  a  2  N  H2SO^  solution  as  a  result  of  the  Increase  of  the 
hydrogen  liberation  overvoltage.  Thus,  depending  on  the  hydrogen  over¬ 
voltage  the  rate  of  dissolution  of  titanium  can  very  considerably  if 
the  corrosion  process  proceeds  with  hydrogen  depolarization. 


Fig.  6.  Curves  of  variation  of  hydrogen  overvoltage  on  titanium  (1)  and 
the  electrode  potential  with  a  current  density  of  10  3  a/cm2  (2)  as  a 
function  of  the  solution  pH.  3)  hydrogen  overvoltage,  electrode  poten¬ 
tial,  v. 

Structural  and  contact  corrosion.  A  salient  feature  of  titanium 
and  its  alloys  Is  the  absence  of  a  tendency  to  Intergranular  corrosion 
and  stress  corrosion  in  the  majority  of  the  corrosive  media.  Only  In 
highly  concentrated  fuming  (red)  nitric  acid  are  titanium  and  its  al¬ 
loys  prone  to  stress  corrosion  and  intergranular  corrosion;  in  this 
case  there  are  formed  corrosion  products  which  have  pyrophoric  proper- 
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ties  (l.e.,  they  explode  with  mechanical  impact).  The  conditions  under 
which  this  property  of  titanium  and  its  alloys  is  manifested  are  shown 
in  Pig.  7* 

In  comparison  with  the  other  metals,  titanium  and  its  alloys  are 
not  subject  to  spot,  pitting  and  crevice  corrosion  and  have  high  re¬ 
sistance  to  cavitation  and  erosion.  Figure  8  shows  jet  erosion  of  pip¬ 
ing  made  from  titanium  and  certain  alloys  In  sea  water.  Figure  9  shows 
tests  for  cavitation  in  synthetic  sea  water  on  a  magnetostriction  vi¬ 
brator  at  a  frequency  of  8000  Hz  and  an  amplitude  of  0.07  mm. 

The  fatigue  limit  of  titanium  Is  practically  unchanged  under  the 
action  of  many  c or r os ion -active  media.  The  nature  of  the  corrosion  be¬ 
havior  of  titanium  and  Its  alloys  is  associated  with  the  high  capacity 
for  passivation  In  comparison  with  the  other  metals  (lower  critical 
passivation  potential  and  lower  critical  passivation  current  density  in 
aggressive  media). 


Fig.  7.  Effect  of  nitric  acid  composition  on  pyrophoric  reaction  with 
titanium.  1)  Content  of  N0o  In  UNO %i  2)  HoO  content,  %•„  3)  pyro¬ 
phoric  regime  observed;  4)cuncertaln  region;  5)  pyrophoric  regime  not 
observed. 

With  respect  to  their  electrochemical  behavior  In  sea  water  In 
contact  with  the  other  metals,  titanium  and  Its  alloys  are  close  to  the 
passive  austenitic  stainless  steels.  With  contact,  titanium  and  Its  al¬ 
loys  accelerate  the  corrosion  of  magnesium,  zinc,  cadmium,  alumlnur  and 

their  alloys  In  sea  water  and  have  practically  nc  effect  on  the  majcrl- 

*  r. 
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ty  of  the  copper  alloys,  austenitic  stainless  steels,  nickel  alloys. 


silver,  since  their  stationary  potentials  are  very  close;  contact  of 
titanium  with  the  noble  metals  (platinum,  palladium,  gold)  is  also  per¬ 
missible. 


tOO  HXfO  rfOO  700C 


Pig.  8.  Test  of  piping  of  various  metals  for  Jet  erosion  in  sea  water 
containing  sand  (40  g/liter)  with  water  flow  velocity  of  1.8  m/sec;  1) 
Brass  76#  Cu,  22 %  Zn,  2%  Al;  2)  copper -nickel  alloy  CfO#  Cu,  30#  N1  with 
high  content  of  Pe  and  Mn);  3)  titanium;  4)  erosion  depth,  mm;  5)  time, 
hours. 


Methods  of  protection  against  electrochemical  corrosion.  In  atmos¬ 
pheric  conditions,  and  also  in  river  and  sea  water,  titanium  and  its 
alloy-  do  not  need  corrosion  protection  if  a  decorative  finish  is  not 
required  and  special  demands  are  not  made  on  the  physical  properties  of 
the  surface  (wear-resistance,  reflective  properties,  etc.).  In  aggres¬ 
sive  media  (sulfuric,  hydrochloric  acids,  etc.  ),  f^r  protection  from 
corrosion  use  is  made  of  alloying  of  the  alloys,  introduction  of  oxl- 


P  & 


//'  , 
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Fig.  9-  Comparative  tests  on  cavitation  of  titanium  and  other  alloys; 

1)  Lew -carbon  steel;  2)  LMtsZh55-3-l  brass;  3)  2Khl3  steel;  4)  VT1-1 
titanium;  5)  Khl8N9T  stainless  steel;  6)  IMP1  titanium  produced  by  pow¬ 
der  metallurgy.  7)  cavitation  volume  loss,  mm^;  8)  test  duration,  hours 


dicers  ( inhibitors-passlvatorc ) ,  anodic  protection  and  various  coatings 


*  r  'i'T 
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Alloying.  The  corrosion  resistance  of  titanium  can  be  Improved  by 
alloying  with  the  elements  which  reduce  the  passivation  potential  and 
the  critical  passivation  current  density.  Such  elements  are  chromium, 
tantalum,  zirconium.  However,  for  increasing  the  corrosion  resistance 
of  titanium  in  sulfuric  acid  It  is  necessary  to  introduce  a  considera¬ 
ble  quantity  of  zirconium  (40-60#);  alloying  with  molybdenum  is  more 
effective,  its  introduction  in  tne  amount  of  20-30#  provides  for  high 
corrosion  resistance  of  titanium  even  in  boiling  sulfuric  acid,  but  re¬ 
duces  the  corrosion  resistance  in  nitric  acid.  The  effect  of  zirconium 
and  molybdenum  on  the  corrosion  resistance  of  titanium  In  40#  H2S04 
with  increase  cf  the  temperature  is  shown  in  Fig.  10.  The  marked  reduc¬ 
tion  of  the  titanium  corrosion  rate  with  the  introduction  of  molybdenum 
is  associated  with  both  the  retardation  of  the  cathodic  process  as  a 
result  of  the  increase  of  the  hydrogen  overpotential  and  with  the  re¬ 
tardation  of  the  anodic  reaction.  A  positive  effect  of  tantalum  is 
noted  with  more  than  8-10#  tantalum  in  the  alloy.  Small  additions  of 
boron  (0.005  -  0.7#)  are  also  effective. 

The  effect  of  the  alloying  elements  on 
the  corrosion  rate  of  the  titanium  alloys 
in  boiling  solutions  -  10#  HC1  and  15# 
H2S04  -  are  shown  in  Table  3*  For  compari¬ 
son  there  is  shown  in  the  Table  the  corro¬ 
sion  rate  in  these  conditions  of  a  nickel- 
base  alloy  (Hastelloy  C). 

Alloying  with  a  small  amount  (0.1-2#) 
of  the  noble  metals  (platinum,  palladium) 
is  effective  when  this  is  justified  from 
technical  and  economic  considerations.  In 

this  case  the  passive  state  is  achieved  as 
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Fig.  10.  Effect  of  zir¬ 
conium  and  molybdenum 
content  on  titanium 
corrosion  rate  in  40# 
sulfuric  acid  solution: 
1)  At  60°;  2)  at  40° ; 

3)  at  25° j  4)  at  60° 
and  addition  of  molyb¬ 
denum;  5)pcori,°si°n 
rate,  g/myhr;  6)  Zr 
content,  #  by  wt. 
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a  result  of  which  there  Is  obtained  a  shift  of  the  titanium  stationary 
potential  into  the  passive  region  and  the  corrosion  rate  is  markedly 

reduced,  particularly  in  the  dilute  solution  of  sulfuric  and  hydrochlor¬ 
ic  acids. 


TABLE  3 

Corrosion  Rate  (nmi/yr)  of 
Titanium  and  its  Alloys  in 
Boiling  Hydrochloric  and 
Sulfuric  Acids  in  Compari¬ 
son  with  a  Nickel -Base 
Alloy. 


CoaepwaHHf  .if- 
riipyioiuHt 

Vll'MCIITl.St 


C  Mhctu,  tmtsh 

- — 10%  Cu 
6%  As.  :i%  Al 
4%  Ac,  6%  Al 

- —  I  0%  Bp 
1  —  I  0%  Al 
4%  Al  4%  V 
6%  Al.  4%  V' 

1- 50%  lx 
I -So*;  V 

2- 10%  Nl) 
2—10%  Ta 

1- 10*/.  t:r 
5%  <>.  .1%  A! 

20%  Mo 
30%  Mu 

2- 10%  Fo 
2-10%  Co 
2-10*/,  Ni 


XacTp.ooll  C  d  j 


b  ArpeccHMiai*  rpeaa 


*)  Content  of  alloying 
elements;  b)  aggressive 
medium;  c)  pure  titanium; 
d)  Hastelloy  C 

TABLE  4 

Minimal  Concentrations 
(g/liter)  of  Oxidizers  with 
which  Titanium  Transitions 
into  Passive  State  in  Hydro¬ 
chloric  Acid  at  Normal 
Temperature 


MmiN-oKHCJiiiTejiH 

a 

1  S%-II«H 
ltd 

27%-uan 

HC1 

Ve  +  *  ♦ 

o  .oooott 

0.00025 

Cu  +  + 

0,00004 

0,0002 

+  +  +  *■ 

0,000002 

0.0002 

a)  Oxidizer  ions. 


Introduction  of  oxidizers.  The  presence  In  the  aggressive  media  of 
small  quantitl3s  of  oxidizers  shifts  the  potential  of  titanium  and  its 
alloys  in  sulfuric  and  hydrochloric  acid  solutions  into  the  passive  re¬ 
gion  and  the  corrosion  resistance  increases  sharply.  Table  4  presents 
the  minimal  concentrations  of  the  oxidizer  ions  which  put  titanium  into 
the  passive  stage  in  concentrated  solutions  of  hydrochloric  acid.  The 
"feet  of  the  i^ns  of  the  noble  metals  Is  particularly  great  as  a  re¬ 
sult  of  their  precipitation  on  the  titanium. 

The  titanium  corrosion  rate  in  hydrochloric  acid  solutions  will 
drop  sharply  in  the  presence  of  chlorine  (Fig.  11)  since  in  this  case 
chlorine,  demonstrating  the  properties  of  an  oxidizer,  has  a  high  oxi¬ 
dation-reduction  potential.  In  HF  acid  additions  of  oxidizers  is  inef¬ 
fective  and  even  increases  the  corrosion  rate,  in  the  passive  state  in 
the  oxidizing  media  additions  of  fluorine  ions  also  increase  the  solu¬ 
tion  rate  sharply. 


Fig.  11.  Effect  of  chlorine  on  titanium  corrosion  in  hydrochloric  acid 
(with  200-hr  tests):  without  passage  of  chlorine  ((1)  at  20* ,  2)  at  60°,* 
3)  at  90°;  with  passage  of  chlorine  (4)  at  20°;  5)  at  60°;  5)  at  90°)); 
7)  corrosion  rate,  mm/ yr;  8)  concentration  of  Clp  In  grams  per  100  ml 
HC1. 

Anodic  protection.  As  a  result  of  the  low  passivation  current  of 
titanium  in  hydrochloric  and  sulfuric  acids  in  comparison  with  the 
other  metals,  it  is  advisable  to  use  anodic  protection  in  these  media. 
After  transition  of  the  titanium  into  the  passive  state,  with  anodic 
polarization  for  maintaining  the  passive  state  there  is  required  only  a 
very  low  current  density:  0.1-0. 2  ua/cm  In  40#  HgSO^,  0.5-1  ua/cm  in 
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7 8#  H2S04,  0.5-1  ua/cm2  In  15#HC1,  1-2  ua/cm  in  25#  HC1.  Here  relia¬ 
ble  protection  is  achieved  with  potentials  of  0. 5-1.0  v  (on  the  hydro¬ 
gen  scale).  Higher  values  of  the  potential  can  lead  to  breakdown  cf  the 
passive  film  in  the  presence  of  Cl“.  The  effect  of  anodic  protection  of 
titanium  in  sulfuric  and  hydrochloric  acids  is  shown  in  Figs.  12,  13* 


Fig.  12.  Corrosion  of  titanium  in  sulfuric  acid  solutions  of  varying 
concentration  without  and  with  anodic  protection:  1)  n  40#  solution 
without  protection;  2)  in  40#  solution  with  anodic  protection;  3)  in 
78#  solution  without  protection;  4)  in  78#  solution 'with  anodic  pro¬ 
tection;  5)  weight  loss,  g/m2;  6)  exposure  duration,  hours. 


Protective  coatings  (chrome  plating,  copper  plating,  nickel  plat¬ 
ing,  carburizing,  nitriding,  oxidation,  etc. )  are  applied  to  titanium 
and  its  alloys  primarily  to  increase  the  wear  resistance,  to  reduce 
scoring,  to  Improve  brazing.  Anodizing  is  used  for  additional  protec¬ 
tion  from  corrosion,  to  Improve  wear  resistance  and  to  reduce  scoring. 


Fig.  13*  Titanium  corrosion  in  hydrochloric  acid  solutions  of  varying 
concentration  without  protection  and  with  anodic  protection:  l)  In  15# 
solution  without  protection;  2)  in  15#  solution  with  anodic  protection; 
3)  in  25#  solution  without  protection;  4)  in  25#  solution  with  anodic 
protection;  5)  weight  loss,  g/nr;  6)  exposure  duration,  hours. 


Anodizing  is  performed  most  successfully  in  an  18#  solution  of 
sulfuric  acid  at  a  temperature  of  80-100°  and  an  anode  current  density 

p 

of  0.5-2  a/dm  .  The  anodizing  period  lasts  from  2  to  8  hours,  where  the 
higher  the  temperature,  the  higher  the  current  density  and  the  shorter 
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the  anodizing  time.  The  film  thickness  reaches  2-3  microns.  The  anode 
film  which  increases  the  corrosion  resistance  of  titanium  in  HgSO^  and 
HC1  solutions  cannot  serve  as  a  reliable  protection  in  the  course  of  a 


long  time  period.  The  anode  film  is  destroyed  quite  rapidly  in  HP  acid. 
Chemically  resistant  paint-type  coatings  are  also  used  for  protection 
from  corrosion,  particularly  during  chemical  milling  of  titanium  and 
its  alloys  (see  Paint-type  Coatings  for  the  Titanium  Alloys). 

Chemical  corrosion.  Titanium  reacts 
actively  with  the  dry  halides:  fluorine  at 
150°,  chlorine  at  350°,  bromine  at  360°  and 
iodine  at  400°.  The  titanium  corrosion  rate 
diminishes  in  moist  halides  (particularly  in 
the  interaction  with  chlorine)  as  a  result  of 
passivation.  Titanium  interacts  actively  with 
the  oxygen  in  the  air  at  temperatures  above 
700°.  With  Increase  of  the  temperature  titan¬ 
ium  reduces  all  the  known  oxides  of  the  metals.  During  heating  in  oxy¬ 
gen  or  in  air,  titanium  and  its  alloys  are  covered  with  a  scale,  and 


Pig.  14.  Isothermal 
curves  for  oxidation 
of  titanium  at  tem¬ 
peratures  of  800- 
925®.  1)  Weight  loss, 
g/m2;  2)  time,  hours. 


Fig.  15.  Oxygen  distri¬ 
bution  between  scale 
and  solid  solution  in 
process  of  oxidation  of 
titanium  at  1000°:  l) 
Overall  weight  increase: 
2)  oxides  on  surface;  3) 
Op  dissolved  in  titanium; 
4;  weight  loss,  g/m2;  5) 
test  duration,  hours. 


under  the  scale  the  metal  is  saturated  with 
oxygen  and  forms  a  brittle  layer  of  metal 
(interstitial  solid  solution)  which  is  re¬ 
moved  by  etching  in  fused  salts  or  acids.  The 
kinetic  curves  for  oxidation  of  titanium  in 
oxygen  are  shown  in  Fig.  14.  The  distribution 
of  the  oxygen  between  the  scale  and  the  solid 
solution  as  a  result  of  oxidation  in  an  oxy 
gen  stream  at  1000°  is  shown  in  Fig.  15*  With 
the  formation  of  the  Ti-0  interstitial  solid 


solution,  there  is  a  considerable  increase  of 
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the  hardness  of  the  surface  layers,  from  which  we  can  determine  the 
depth  of  penetration  of  the  oxygen  into  the  metal  (Fig.  16).  The  titan¬ 
ium  diffuses  through  the  scale  layer  to  the  surface  and  interacts  with 
the  oxygen,  where  there  are  continuously  formed  new  layers  of  Ti02>  in¬ 
cluding  the  intermediate  layers  with  a  lower  degree  of  oxidation  (TiO, 
Ti203). 


Fig.  16.  Depth  of  oxygen  penetration  after  10-hour  oxidation  of  titani¬ 
um  at  different  temperatures  (plotted  from  curves  of  hardness  distribu¬ 
tion  with  respect  to  layer  depth).  1)  Penetration  depth,  mm;  2)  temper¬ 
ature,  °C. 

At  800°  the  oxidation  of  titanium  is  retarded  by  alloying  with  up 
to  tungsten,  molybdenum,  chromium  and  tantalum,  however,  high  heat 
resistance  of  the  titanium  alloys  is  not  achieved  as  a  result  of  the 
alloying.  The  most  effective  protection  of  titanium  is  provided  by  ap¬ 
plication  of  thermally  resistant  enamels  and  combined  galvanic  coatings 
(for  example,  chromium-nickel)  with  the  use  of  thermodiffusional  an¬ 
nealing. 

References:  Batrakov  V.P.  Voprosy  teorii  korrozii  i  passivnosti 
metallov  v  okislitelyakh  [Theory  of  Corrosion  and  Protection  of  Metals 
in  Oxidizers],  in  book:  Korroziya  i  zashchita  metallov  [Corrosion  and 
Protection  of  Metals],  M. ,  1957 J  —  Teoreticheskiye  osnovy  korrozii  i 
zashchity  metallov  v  agressivnykh  sredakh  [Theoretical  Bases  of  Corro¬ 
sion  and  Protection  of  Metals  in  Aggressive  Media],  in  collection:  Kor¬ 
roziya  i  zashchita  metallov,  M. ,  1962;  Tomashov  N. D. ,  Al'tovskiy  R.M. , 
Arakelov  A.G. ,  Anodnaya  zashchita  tltana  v  semoy  kislote  [Anodic  Pro¬ 
tection  of  Titanium  in  Sulfuric  Acd],  DAN  SSSR,  1958,  Vol.  121,  No.  5; 
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—  Anodnaya  zashchita  tltana  v  semoy  i  solyanoy  kislotakh  [Anodic  Pro¬ 
tection  of  Titanium  in  Sulfuric  and  Hydrochloric  Acids],  M. ,  1959  [Ad¬ 
vanced  Scientific,  Engineering  and  Production  Experience,  Theme  13 ,  No. 
M-59-239  26;  Stern  M. ,  "J.  Electrochem.  Soc.",  1958,  v.  105,  No.  11,  p. 
638;  Cotton  J.B. ,  “Chemistry  and  Industry",  1958,  No.  3,  P*  68;  Stern 

M.  ,  "J.  Electrochem.  Soc.",  1957,  v.  104,  No.  9;  Fischer  W.R. ,  "Werk- 
stoffe  und  Korrosion",  1959,  Jg.  10,  H.  4;  "J.  Electrochem.  Soc.", 

1961,  v.  108,  No.  2,  p.  113-119;  Andreyevs  V.V. ,  Kazarin  V.I.,  in  col¬ 
lection:  Titan  i  yego  splavy  [Titanium  and  its  Alloys],  6ya  ed.,  M. , 
1961,  p.  230;  Matveyeva  T.V. ,  Tyukina  M.N.,  Pavlova  V.A.,  Tomashov 

N. D. ,  ibid,  p.  211;  Shvarts  O.L. ,  Makarova  L.S.,  Akshentseva  A.P.,  Tab- 

litsy  po  korrozionnoy  stoykosti  titana  1  yego  splavov  v  razlichnykh 
agressivnykh  sredakh  [Tables  on  Corrosion  Resistance  of  Titanium  and 
its  Alloys  in  Various  Aggressive  Media],  M. ,  1961;  Kolotyrkin  Ya.M. , 
Petrov  P.S.,  ZhFKh,  1957,  Vol.  31,  No.  3,  p.  659;  Rtidiger  0.,  Fischer 
W.R. ,  Knorr  W. ,  "Z.  Metallkunde",  1956,  Bd  47,  H.  8,  S.  599;  Kinna  W. , 
Knorr  W. ,  —  S.  594.  V.P.  Batrakov 
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CORROSION  OP  TUNGSTEN.  Tungsten  has  exceptional  corrosion  resis¬ 
tance  In  alkaline  solutions  and  in  practically  all  the  mineral  acids. 
Rapid  dissolution  of  W  is  observed  in  a  mixture  of  HP  and  HNO^  and  in 
the  alkaline  solutions  containing  oxidizers. 


Corrosion  Resistance  of  Tung¬ 
sten  in  Various  Media 


1  cp«a» 


H.SOi  (20— 25%-hm*  p»ct- 
aop) 

H,SO,  (20— p»CT- 
»op) 

H,SO,  (98%-hih  KOHneHt- 
papoi.) 

il,SC.  (98%-hm  kobukht* 

P«P01.) 

HC1  (37%-hm  KOHQeiir- 
P«po».) 

HCI  (37%-h»h  kohupht- 
pupo*.) 

HNO,  (65%-Han  kohuciit- 
pHpca.) 

UapcKaH  Bojyta 

6 

HP 


HF+HNO, 

NiOH  (10%-nufl  picriop) 
NlOH 


Te*n-p» 

2<*C) 

Bmhmo 

actcTBHe 

i 

4  20  » 

He  flcicr- 

eyeT 

4  (00 

CjisCo 

y 

5  20 

peampyer 

Cjiboo 

9 

peamr  yor 

S  1,0 

JlerKo 

10 

paapymaeT 

S  20 

He  aeicr- 

8 

■yer 

S  100 

^  CjibOo 

peanipyeT 

5  100  u 

Menken ho 

paspymaeT 

100  ,2 

EuCTpO 

pa8pymrfOT 

100 

Mwichho 

1 1 

pa3pytoaer 

20  _ 

Bhicrpo 

paapymaer 

7  20 

He  acin*- 

"  ayeT 

Pacii.iaa- 

2  BwcTpo 

JltHHtll 

p«3pymaeT 

1)  Medium;  2)  temperature  ( °C ) : 
3)  interaction;  4)  solution;  5) 
concentration;  6)  aqua  regia: 

7)  molten;  8)  no  reaction:  9) 
weak  reaction;  10)  corrodes 
easily,  11)  corrodes  slowly; 

12)  corrodeB  rapidly. 


Corrosion  resistance  of  tungsten  in  water  and  in  the  air  -  see 
Tungsten. 

Dissolution  of  W  in  a  mixture  of  HF  and  HNO^  proceeds  unevenly, 
therefore  this  solution  is  not  very  suitable  for  polishing  and  etching. 
For  these  purposes  the  most  suitable  mixtures  are  NaOH  and  K^FeCCN)^ 
or  NaOH  and  HgOg. 
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W  corrodes  in  solutions  of  CuClg  and  FeCly 

Reacts  with  fluorine  at  room  temperature,  with  chlorine  at  250°, 
with  bromine  and  iodine  at  red-heat,  temperatures.  W  does  not  react  with 
molten  mercury  to  600°,  lithium,  sodium,  potassium  and  their  alloys  to 
900®,  gallium  to  800°,  bismuth  to  960°,  magnesium  to  650°. 

References!  Smithells  C.J. ,  Tungsten,  transl.  from  English,  M,, 
1958;  Hampel  C.A. ,  Corrosion,  1958,  Vol.  14,  No.  12;  Nuclear  Reactors, 
transl.  from  English,  Vol.  3»  M. ,  1956  (Data  from  US  AEC). 

M.I.  Gavrilyuk 


II-l4k 


CORUNDUM  is  a  mineral,  aluminum  oxide  (AlgO^).  The  Impurities  of 
other  elements  In  corundum  crystals  are  present  In  small  quantities 
but  cause  Its  coloring.  Normally  the  color  Is  bluish  or  yellowish  gray. 
Cr  gives  a  red  tint,  Fe2+  gives  brown,  Ti  gives  blue,  Fe2+  and  Fe^+ 
give  a  black  coloring.  The  purest  transparent  gem  variety  of  corundum 
are  the  red  ruby  and  the  blue  sapphire.  Corundum  ores  normally  contain 
admixtures  of  the  other  minerals  and  when  their  amount  is  large  the 
ores  are  termed  emery.  In  nature  corundum  is  encountered  only  in  the 
form  of  a-AlgO^  -  of  triangular  form,  crystallizing  primarily  in  taper¬ 
ed  pyramidal  and  barrel-like  crystals  at  500-15000.  The  hexagonal 
3-Al2C>2  and  cubic  y-kl^O^  are  obtained  artificially  at  1500-1800°.  Cor¬ 
undum  Is  chemically  stable,  is  insoluble  in  acids  and  dissolves  slowly 
in  borax  and/or  phosphate,  forming  a  clear  glass.  The  hardness  of  cor¬ 
undum  is  9  on  Mohs  scale  (second  hardest  mineral  after  diamond);  the 
ruby  and  sapphire  are  somewhat  harder  than  ordinary  corundum.  Corundum 
has  no  cleavage  and  when  split  It  yields  a  conchoidal  fracture.  The 
specific  weight  of  corundum  varies  from  3-82  to  4.28  (average  is  4.02). 
The  resistance  of  pure  corundum  to  compression  with  hydrostatic  pres- 
sure  of  kerosene  at  2500  k^/crT  amounts  to  7200  kg/cm^.  Compressibility 

y 

at  30°  and  a  pressure  of  i0:  bar  is  Av/v^  =  3*38.  The  coefficient  of 

7 

elasticity  of  corundum  is  5.2*10  .  The  mechanical  strength  of  pure  cor¬ 
undum  increases  somewhat  at  600-1000°.  The  primary  role  in  the  use  of 
corundum  as  an  abrasive  material  is  played  by  the  abrasive  capability, 
which  in  corundum  is  5  times  greater  than  for  quartz,  but  more  than  7 
times  lower  than  for  diamond.  The  melting  point  of  pure  corundum  is 

■>  (S  3  7 
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2040*,  that  of  native  corundum  (depending  on  the  impurities)  is  1750- 
2050°.  Depending  on  the  temperature,  the  specific  heat  (joules/gram)  is: 
0.069  (—200* ) ;  0.72  (0°);  1.00  (200°);  1.10  (400*);  1.19  (800°);  1.26 
(1200*).  According  to  other  data  the  specific  heat  at  room  temperature 
is  0.1981.  The  heat  content  of  corundum  (cal)  as  a  function  of  tempera¬ 
ture  is:  297.89  (1100* )j  330.42  (1200°);  395-99  (1400*).  Corundum  is 
used  primarily  as  an  abrasive  material  and  tc  a  lesser  degree  as  a  raw 
material  for  obtaining  high-alumina  artificial  abrasives  and  refractor¬ 
ies.  After  grinding  and  classification  to  a  definite  grain  size,  cor¬ 
undum  is  used:  1)  directly  in  the  powder  form;  2)  In  the  composition 
of  abrasive  suspensions  and  pastes;  3)  in  grinding  cloths;  4)  in  abras¬ 
ive  products  using  a  ceramic  or  organic  (predominantly  bakelite)  binder. 
The  Soviet  abrasive  industry  produces  primarily  fine  corundum  powders 
(micro-powders )  with  a  basic  fraction  size  of  7-30  microns.  Corundum 
has  been  to  a  considerable  degree  replaced  by  the  artificial  abrasive 
materials,  but  it  provides  the  highest  efficiency  in  grinding  glass, 
particularly  optical  lenses,  and  also  In  the  grinding  of  metal  products, 
particularly  ball  bearings.  Corundum  is  used  in.  the  form  of  a  suspen¬ 
sion  for  the  working  of  facing  stones  and  the  preparation  of  microscop¬ 
ic  preparations  of  rocks  and  ores  (sections,  polished  sections),  and 
also  in  the  processes  of  the  fine  finishing  of  precision  metal  details 
and  instruments.  In  the  USSR  electro-corundum  and  also  synthetic  rubles 
are  produced  from  technical  alumina. 

References:  see  under  entry  Abrasive  Materials . 
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CORROSION- RESISTANT  ALUMINUM  CASTINO  ALLOYS  -  the  Al-Mg  alloys  Al8, 
AL13,  and  AL22.  Magnesium  forms  an  extensive  solid-solution  region  with 
aluminum  (Pig.);  the  solubility  of  magnesium  In  aluminum  Is  approximat¬ 
ely  17%  at  the  eutectic  temperature.  This  homogeneous  structure  Is  to  a 
considerable  extent  responsible  for  the  increased  corrosion  resistance 
of  Al-Mg-based  alloys  In  salt  water  and  under  atmospheric  conditions. 

The  corrosion  resistance  of  castings  can  be  increased  by  reducing  the 
number  of  gas  pores  and  the  content  of  metallic  and  nonmetalllc  impuri¬ 
ties  (see  Corrosion  of  aluminum  alloys). 


tff.  t  )  1 


Phase  diagram:  of  Ai -Mg  sys¬ 
tem.  1}  Xg,  %  (atomic);  2) 
•’■'g  •  %  (by  weigr.r  ) . 


AL8  alloy  is  based  on  a  solid  solu¬ 
tion  and  consequently  has  reduced  cast¬ 
ing  characteristics.  Its  mechanical  pro¬ 
perties  are  high  and  can  be  Improved  by 
using  high-purity  aluminum  and  by  modi¬ 
fication  with  calcium  fluorzlrconate.  It 
exhibits  high  corrosion  resistance  in 
salt  water.  Alxi  has  good  cuttablllty, 
is  satisfactory  for  gas  and  argon-arc 
welding,  and  displays  reduced  hermetl- 


'ity.  A IB  has  ar.  increased  tendency  toward  oxidation  in  the  molten 
state  arid  0. Oi?-C. 07%  beryllium,  should  consequently  be  added  to  reduce 
this  tendency.  Ar.  equal  quantity  of  titanium  should  be  added  together 
with  the  beryllium,  in  order  tc  break  up  the  grains.  A  total  01  3-5#  of 
ter:,  acid  should  be  added  to  the  casting  mixture  in  rj«*r  to  keep  the 
metal  from  reacting  with  the  moist  mold-  The  heat -treatment  regime  (T4) 
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involves  prequenching  heating  at  430°  +  5°  for  10-20  hr  and  cooling  in 
water  at  50-100°  or  in  oil.  It  is  advisable  to  use  quenching  media  at 
elevated  temperatures  (water  at  80-90°  or  oil  at  50-60°)  in  quenching 
complex  castings,  in  order  to  avoid  cracking.  AL8  alloy  is  used  primar¬ 
ily  for  sand-casting  components  which  will  not  be  subject  to  high 


stress  but  will  be  exposed  to  salt 


TABLE  1 

Casting  Characteristics  of 
AL8,  AL13,  and  AL22  Alloys 
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l)  Alloy;  2)  liquidous  (°C); 
3)  solidus  (°C);  4)  linear 
shrinkage  [%)•,  5)  flowabill- 
ty  (mm);  6)  AL8;  7)  AL13; 

8j  AL22. 


water  and  atmospheric  conditions. 
TABLE  2 

Change  in  Mechani¬ 
cal  Properties  of 
AL8  Alloy  as  a  func¬ 
tion  of  Casting  Dia¬ 
meter 


Id 

(%) 

15 

29 

9 

SO 

19 

4.5 

45 

is 

4.0 

*0 

17 

3.0 

l)  Casting  diameter 
(mm) ;  2)  kg/mm2. 


TABLE  3 

Typical  Mechanical  Properties  of  AL8,  AL13,  and 
AL22  Alloys  (individually  cast  samples) 
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0.34 

^Cantilever  bending  of  rotating  sample;  N  » 

=  5.10°  cycles. 

1)  Alley;  2)  state  of  material;  3)  kg/mm2;  4)  AL8;  5)  AL13;  6)  AI22 :  7) 
cast  in  sand  mold,  quenched  under  regime  T4;  8)  cast  in  sand  mold;  9) 
cast  in  chill  mold;  10)  pressure-cast. 
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TABLE  4 


Physical  Properties  of  AL8,  AL13,  and  AL22 
Alloys 
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l)  Alloys;  2)  g/cm^;  3)  temperature;  4)  X  at  25“  (cal/cm«sec*#C);  5) 
electrical  conductivity  in  £  of  conductivity  of  copper;  6)  cal/g»°C; 
7)  AL8;  8)  AL13;  9)  AL22. 


AL13  alloy  contains  a  considerable  quantity  of  eutectic  and  has 
satisfactory  casting  characteristics  and  a  high  corrosion  resistance; 
its  mechanical  characteristics  are  rather  low  as  a  result  of  the  fact 
that  it  cannot  be  hardened  by  heat  treatment  and  is  consequently  used 
in  the  cast  state.  This  alloy  has  excellent  cuttability  and  satisfac¬ 
tory  weldability.  It  is  used  for  sand-,  chill-,  and  pressure-casting  of 
components  which  will  bear  moderate  stresses  and  whose  operating  condi¬ 
tions  require  satisfactory  corrosion  resistance  in  salt  water. 

AL22  alloy  has  satisfactory  casting  characteristics  and  a  high 
corrosion  resistance.  Its  mechanical  characteristics  are  lower  than 
those  of  AL8,  but  substantially  hl^0”  than  those  of  AT12  AL22  is  in¬ 
tended  primarily  for  pressure-casting  of  components  which  must  function 
in  salt  water.  It  can  be  cast  in  sand  or  chill  molds.  It  displays  sat¬ 
isfactory  weldability,  good  cuttability,  and  good  polishability.  The 
heat-treatment  regime  (T4)  involves  prequenching  heating  at  430  +  5° 
for  15-20  hr  and  cooling  in  hot  water  (50-100°). 

AL2,  AL4  and  AL9  also  have  satisfactory  corrosion  resistance  in 
salt  water,  but  their  primary  advantage  is  their  high  casting  charac¬ 
teristics,  as  well  as  the  strength  and  hermetlclty  of  AL4  and  AL9.  They 
are  consequently  considered  under  High-  and  medium-strength  aluminum 
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casting  alloys. 

VAL4  also  exhibits  a  high  corrosion  resistance  In  a  marine  atmo¬ 
sphere  (see  Self-hardening  aluminum  casting  alloys). 

References :  Al'tman,  M.B. ,  et  al. ,  Plavka  1  lit 'ye  legkikh  splavov 
[Melting  and  Casting  of  Light  Alloys],  Moscow,  1956;  Kolobnev,  I.F. , 
Krymov,  V.‘.r.  ,  and  Polyanskiy,  A. P. ,  Spravochnik  liteyshchika.  Fasonnoye 
lit 'ye  iz  alyuminlyevykh  1  magniyevykh  splavov  [Handbook  of  Foundry 
Work.  Casting  of  Aluminum-  and  Magnesium-Alloy  Shapes],  Moscow,  1957; 
Sharov,  M.V. ,  Gudchenko,  V.M.,  Tr.  Mosk.  aviats.  in-ta  [Transactions  of 
the  Moscow  Aviation  Institute],  1951>  No.  11;  Spravochnik  po  mashino- 
stroitel'nym  materialam  [Handbook  of  Machine-Building  Materials],  Vol. 
2,  Moscow,  1959* 
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CORROSION- RES 1ST ANT  ALUMINUM  SHAPING  ALLOYS  -  are  distinguished  by 


high  corrosion  resistance  and,  as  a  rule,  low  to  medium  strength  (see 
Medium-strength  aluminum  shaping  alloys)]  many  of  them  also  have  good 
decorative  appearance.  The  tenn  high  corrosion  resistance  covers  for 
the  most  part  high  general  corrosion  resistance  and  high  resistance  to 
corrosion  under  stress  in  the  atmosphere  and  in  sea  water  (see  Corro¬ 
sion  of  aluminum  alloys).  In  occasional  cases,  e.g.,  for  helicopter  ro¬ 
tor  blades,  corrosion  fatigue  is  of  decisive  importance.  The  behavior 
of  corrosion  resistant  aluminum  shaping  alloys  in  special  media,  such 
as  soils  (important  for  underground  pipelines),  in  strong  oxidizing  en¬ 
vironments,  etc.,  is  not  considered  in  the  present  paper.  The  corro¬ 
sion-resistant  aluminum  shaping  alloys  include  technical  aluminum  (al¬ 
loys  AD  and  ADl),  alloys  of  the  Al-Mg  system  with  relatively  low  mag¬ 
nesium  contents  (AMgl,  AMg2,  AMg3,  AMg4),  alloys  In  the  Al-Mg-SI  system 
with  relatively  low  contents  of  Mg  and  Si  and  with  a  certain  ratio  be¬ 
tween  i-ig  and  SI  to  prevent  the  appearance  of  silicon  in  the  structure 
(alloy  AD31),  an  alley  of  A1  with  Mn  (AMts);  and  SAP-1  (see  Sintered 
aluminum  powder). 

In  addition  to  these  alloys,  provided  that  certain  restrictions 
ar>.  observed  both  in  the  process  of  fabricating  semifinished  products 
and  In  using  them  in  structures,  alloys  of  the  following  systems  may 
also  be  regarded  as  corrosion-resistant:  Al-Mg  (AMg5V  and  AMg6);  Al-Kg- 
Si  (AD33  and  AD35)  and  SAP-2. 

Table  1  lists,  for  orientation  purposes,  data  characterizing  the 
loss  of  mechanical  properties  in  extruded  semifinished  products  made 
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TABLE  1 

General  Corrosion  Resistance 
of  Extruded  Semifinished 
Products  made  from  Aluminum 
Shaping  Alloys  (test  time  3 
months ) 
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1)  Alloy;  2)  losses  (in  #) ;  3)  AD,  ADI,  AMts,  AMgl,  AMg2.  AMg3,  AMg4, 
AMg5V,  AMg6,  SAP-1,  SAP-2;  4)  AD31,  AD33,  AD35;  5)  AV;  6)  M40,  D19, 
VAD1,  Dl6,  VAD23,  Dl,  D20,  AK4,  AK4-1,  AK6,  AK8,  V93,  V95,  V9 6. 


from  aluminum  shaping  alloys  after  testing  in  an  aqueous  solution  con¬ 
taining  3#  NaCl  +  0.1#  H202. 

The  corrosion  damage  affects  elongation  to  a  greater  degree  than 
strength. 

Despite  all  the  reservations  with  which  the  above  test  results 
must  be  taken  -  they  may  vary  substantially  depending  on  the  type  of 
semifinished  product,  the  length  of  the  test,  the  environment,  etc.  - 
they  enable  ua  to  resolve  the  corrosion  resistant  aluminum  shaping  al¬ 
loys  distinctly  into  several  groups.  Pure  Al,  alloys  of  A1  with  Mg  and 
the  SAP’s  possess  very  high  general  corrosion  resistance.  However,  al¬ 
loys  Artg5V  and  AMg6  may  be  Inclined  to  corrode  under  stress  if  the  an¬ 
nealing  conditions  are  net  properly  selected;  the  corrosion  resistance 
of  the  SAP’s  may  deteriorate  markedly  if  there  are  inclusions  of  iron 
in  then.  Alloys  AD31,  AD33  and  AD35  are  close  to  pure  Al  as  regards 
over-all  corrosion  resistance  and  have  no  tendency  to  coi resign  what¬ 
soever  under  stress  (like  alloys  D20  and  VAD23);  the  alloy  group  in¬ 
cluding  types  D16,  D20,  D19,  V95  and  VAD23  shows  considerably  poorer 
general  corrosion  resistance  than  aluminum  alloy  AD31.  With  suitable 
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protective  measures,  however,  they  perform,  satisfactorily.  Solid  semi¬ 
finished  products  made  from  alloys  D1 6  and  AK8  and  alloys  similar  to 
them  may  tend  to  corrode  under  stress.  For  alio  vs  V95  and  others  con¬ 
taining  zinc,  the  corrosion  sensitivity  under  stress  is  the  decisive 
corrosion  characteristic.  These  alloys  can  be  protected  dependably  from 
corrosion  cracking  by  regulating  the  chemical  composition  and  working 
procedures,  including  heat-treatment.  Alloy  AV  occupies  an  intermediate 
position  between  alloys  AD31  and  Dl6  and  cannot  be  regarded  as  a  corro¬ 
sion  resistant  aluminum  shaping  alloy. 

Technical  aluminum  is  an  aluminum  alloy  with  the  inevitable  iron 
and  silicon  inclusions  (and  sometimes  copper,  magnesium,  titanium,  so¬ 
dium  and  other  elements).  The  purer  the  Al,  the  higher  will  be  its  cor¬ 
rosion  stability,  but  the  tendency  to  grain  enlargement,  which  is  de¬ 
trimental  to  the  external  appearance  of  the  pieces,  becomes  even 
stronger,  so  that  it  is  necessary  to  take  measures  to  suppress  grain 
growth.  Al  is  used  both  in  the  annealed  and  in  the  cold-hardened  state; 
it  welds  easily  but  is  difficult  to  cut.  Al  takes  well  to  color  anod¬ 
izing. 

Alloyed  with  manganese  (AMts),  Al  possesses  high  strength  and  is 
less  inclined  to  grain  enlargement  than  pure  Al.  As  regards  weldability, 
corrosion  resistance  and  machinability,  the  alloy  AMts  resembles  Al 
very  closely;  it  is  grayish  in  color.  Alloys  of  Al  with  magnesium  (mag- 
nals)  are  used  widely  in  various  branches  of  engineering.  During  recent 
years,  the  compositions  of  domestic  versions  cf  these  alloys  have  been 
revised  and  new  types  have  been  created.  It  has  been  proposed  that  a 
series  of  magnal-type  alloys  be  created  with  the  magnesium  content 
varying  from  0. 5-1.8#  in  alloy  AMgl  to  5* $-6. 8$  in  alloy  AMg6. 

In  alloys  AMg5V  and  AMg6,  major  complications  arise  as  a  result 
of  inclusions  of  lntermetalllc  compounds  of  complex  composition  (com- 
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pounds  of  A1  with  Mn,  Tk,  Cr,  V,  Fc  and  Zr,  depending  <r.  wt. 
elements  are  present  in  the  alloys}.  Ir.termetallidf  s  act  In  the  ..ame 
way  as  sharp  notches,  to  the  detriment  of  corrosion  resistance  and  the 
decorative  appearance  of  the  material.  Dark  laminations  running  paral¬ 
lel  to  the  rolling  plane,  generally  in  the  middle  of  the  sheet  thick¬ 
ness,  are  sometimes  encountered  in  magnal  sheets  and  plates.  They  form 
at  the  positions  of  slag  inclusions  resulting  from  the  smelting  and 
casting  conditions.  In  welding,  these  laminations  cause  buckling.  Mag- 
nals  to  be  used  in  critical  parts  must  be  inspected  to  detect  lamina¬ 
tion  of  this  kind. 

The  solubility  of  Mg  in  A1  diminishes  with  decreasing  temperature 
(from  15-17$  at  455°  to  2$  at  150-200°),  but  decay  of  the  supersatura¬ 
ted  solid  solution  proceeds  extremely  slowly  in  this  system.  As  a  re¬ 
sult,  alloy  AMg6  (for  example)  tempered  from  400-430°  in  water  or 
cooled  slowly  in  air  possesses  practically  the  same  properties  both  im¬ 
mediately  after  cooling  and  after  prolonged  holding.  The  alloys  undergo 
practically  no  work-hardening  during  tempering  and  under  normal  aging 
conditions;  nor  do  they  soften  on  annealing.  This  peculiarity  of  the 
magnals  is  a  major  advantage  for  use  in  welded-up  structures;  the  al¬ 
loys  soften  only  rli"htjy  uwri.1.3  raiding  and  the  welding  strength-l^ss 
coefficient  is  close  to  unity.  As  regards  mechanical  properties,  the 
magnals  are  peculiar  in  certain  respects.  Since  they  are  not  hardened 
by  heat-treatment  and  are  used  in  the  annealed  state,  they  are  charac¬ 
terized  by  high  elongations,  a  low  yield  point  and  not  particularly 
high  strength  (the  ultimate  strengths  and  yield  points  according  to  the 
TU  for  the  strongest  alloy,  AMg6,  are  32  kg/tom  and  16  kg/mm  ,  respec¬ 
tively).  The  strength  of  magnal  sheets  can  be  increased  further  to  a 
considerable  degree  by  cold-hardening  the  material  (see  Table  2). 


1046 


TABLE  2  The  strength  loss  In  the  region  cf  the 

Properties  of  Work-  weld  seam  is  compensated  by  local  thickening  of 
Hardened  Sheets  of 

AMg6  Alloy  the  seam  zone  when  cold-hardened  material  is 

used.  The  supersaturated  solid  solution  of  Mg 
in  A1  is  only  relatively  stable  and  decays  pro¬ 
gressively  in  the  course  of  time  with  separa¬ 
tion  of  minute  inclusions  of  the  3-phase 
(^);°B)~(kg/mm^)f  (Al^gg).  Decay  is  the  more  rapid  the  higher 

the  content  of  Mg  in  the  A1  and  the  higher  the 
holding  temperature.  Alloys  AMgl,  AMg2,  AMg3  and  AMg4  show  no  tendency 
to  solid  solution  decay.  The  structures  of  alloys  AMg5V  and  AMg6  under¬ 
go  practically  no  change  at  20-30°,  but  when  the  temperature  is  raised 
to  60-70°  (for  example,  as  a  result  of  solar  heating)  and  held  there 
for  hundreds  and  thousands  of  hours,  decay  of  the  supersaturated  solid 
solution  advances  rather  rapidly.  At  150-200°,  decay  takes  place  within 
a  few  hours.  In  the  temperature  range  from  60-70°  on  up  to  150-200°, 

i 

decay  results  in  the  formation  of  continuous  beaded  chains  of  the 
3-phase  along  the  grain  boundaries  and  acceleration  of  corrosion  pro¬ 
cesses.  The  strength  and  plasticity  of  t-Wr'  mate^^al  then  drop  rapidly. 

..lioys  of  the  Al-Mg-Si  type  are  acquiring  very  great  Importance  as 
structural  and  decorative  materials.  They  differ  sharply  from  the  mag- 
nals  in  a  number  of  properties.  These  differences  result  basically  from 
the  fact  that  Al-Mg-Si-type  alloys  stiffen  up  considerably  during  heat 
treatment,  particularly  after  artificial  aging.  In  the  artificially 

aged  3tate,  they  show  higher  rQ  2  and  lower  elongation  (in  alloy  AD33, 
o  p 

°b  “  32  0q  0  -  27  kg/mm  ,  6  *  10Jf;  the  corresponding  figures 

for  AMg6  alloy  are  34,  18  and  18).  In  the  annealed  state,  alloys  AD31, 
AD33  and  AD35  show  higher  plasticity  and  permit  considerably  greater 
deformations  than  do  the  magnals.  The  effect  of  heat  treatment,  is  re- 
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Hence  alloys  AD31,  ADd3  and  AD35  are  conveniently  used  fur  riveted  or 
bonded  structures  of  complex  shape,  as  well  as  fcr  structures  requiring 
higher-than-average  yield  points  (as  compared  with  the  yield-point  val¬ 
ues  of  the  magnals).  Alloys  AD31  and  AD33  permit  of  extrusion  into 
complex-shaped  products,  such  as  complex  hollow  profiles.  Alloys  AHg5V 
and  AMg6  are  unsuitable  for  this  purpose.  The  dark  laminations  and  in- 
termetallide  Inclusions  that  make  work  with  the  magnals  very  difficult 
appear  less  often  in  alloys  AD31  and  AD33-  Nevertheless,  UZ  inspection 
of  critical  profiled  shapes,  such  as  the  spars  of  helicopter  rotor 
blades  made  from  these  alloys,  is  mandatory,  since  even  small  slag  in¬ 
clusions  and  other  metallurgical  defects  sharply  reduce  the  fatigue 
strength  of  the  products.  The  corrosion  resistance  of  Al-Mg-Si  alloys 
depends  heavily  on  the  silicon  concentration  and  the  ratio  of  the  Mg 
and  Si  contents.  Those  alloys  In  which  this  proportion  lr,  such  that 
all  of  the  silicon  Is  used  in  formation  of  the  compound  Mg^Si  possess 


good  corrosion  resistance.  As  soon  as  excess  silicon  appears  in  the 
structure,  the  corrosion  resistance  of  the  alloys  drops  sharply. 

The  introduction  of  ccpper  into  Al-Mg-Si  alloys  causes  their  cor¬ 
rosion  behavior  to  deteriorate  ever  further*.  It  is  also  necessary  to 
note  that  the  corrosion  foci  give  rise  to  an  extremely  sir  rp  drop  in 
the  fatigue  strength  of  the  alloys.  At  a  given  stress  level,  the  num¬ 
ber  of  cycles  to  failure  may  ce  reduced  to  a  fraction  by  apparently 
relatively  minor  corrosion  damage. 

Technological  factors  including  heat— treatment  conditions  strongly 
influence  the  corrosion  resistance  of  alloys  AD33.  AD35  and  AV,  and. 
in  particular,  their  tendency  to  intergranular  corrosion.  When  new  pro¬ 
ducts  made  from  these  alleys  are  being  adapted  to  production.  It  is  ne¬ 
cessary  tc  make  a  periodic  check  to  detect  any  tendency  to  intergranu- 


sibility  of  shopwearing,  embedding  of  grit,  pitting,  et-  . ,  ail  of  which 

are  detrimental  to  the  decorative  appearance  and  operational  durability 
of  the  products,  should  also  be  provided  for  the  metal. 

At  the  present  time,  alloy  AD35  is  under  assimilation;  its  compo¬ 
sition  is  Mg  0.8-1. 4$;  Si  0.8-1. 2$;  Mn  0. 6-1.0$.  The  increased  ccr.tent 
of  Mn  In  this  alloy  inhibits  grain  enlargement;  at  the  seme  ti^e,  the 
alloy  shows  higher-than-average  strength  and  good  corrosion  stability, 
and  Is,  on  the  whole,  a  promising  material. 

The  most  decorative  alloys  are  found  among  those  of  aluminum  with 
Mg  (AMgl,  AMg2,  AMg4)  and  alloy  AD31.  In  this  case,  however,  they  must 
be  prepared  from  aluminum  of  high  purity;  specifically,  alloys  AMgl, 
AMg2,  AMg4  and  AMg5  must  contain  no  more  than  0.05$  chromium.  Alloy 
AMg3,  which  contains  Si  (to  Improve  its  weldability ),  Is  least  decora¬ 
tive  in  appearance;  one  proposal  calls  for  production  of  alloy  AMg3, 
which  contains  no  Si,  for  decorative  purposes  (concurrently  with  the 
Si-containing  alloy  AMg3).  Ir.  using  AD31  in  the  manufacture  of  decora¬ 
tive  products  with  particularly  highly  polished  surfaces  (e.g.,  gold- 
anodized  watch  cases),  it  Is  advisable  to  refine  the  composition  of 
this  alloy  as  follows:  Mg  0.55-0.9$;  Si  C.4-0.5$;  Cu  <  0.05$,  <j 
£  0.12$.  Tc  fabricate  extruded  semifinished  products  from  AD31,  fcr  ex¬ 
ample,  for  glasswork,  it  Is  desirable  to  hold  the  Pe  content  in  the 
range  from.  0.29  to  0.35$  and  the  £\.  content  between  0.04  a:x!  0.05$; 
this  is  necessary  tc  refine  the  grain.  Alloys  of  the  American  6101  type, 
which  contains  SI  0.3-0. 7$;  Mg  0. 3*^-0. 3$;  Fe  below  0.5$,  Cu  below  0.1$; 
Mn  below  0.03$;  Cr  below  0.03$;  2n  below  0.03$,  are  used  for  clectri";! 
purposes. 

When  the  production  process  is  net  rigidly  adhered  to,  a  tender  / 
t;  grain  enlargement  (detrimental  to  the  external  appearance  of  t! 
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pieces)  appears  in  alloys  AMgl,  AMg2,  AD31,  AD33.  As  a  rule,  alloys 
AD35>  AMg5V,  AMg6  show  a  fine  granular  structure. 

The  mechanic? 1  properties  of  AD,  ADI,  AMts,  AMgl,  AMg2,  AMg3, 

AMg4,  .\D31,  AD33,  AD35  alloy  semifinished  products  are  listed  in  Tables 
5-12  and  16.  The  results  of  tests  on  sheets  and  extruded  semifinished 
products  of  alloys  AD31,  AD33>  AD35  and  AV  to  determine  over-all  corro¬ 
sion  resistance  will  be  found  in  Tables  12  and  13-  Alloy  AD31  also  be¬ 
haves  quite  satisfactorily  under  test  conditions  in  an  industrial  re¬ 
gion  whose  atmosphere  Is  distinguished  by  high  corrosiveness  (Table  14). 

In  tests  of  corrosion  under  stress,  all  specimens  of  alloys  AD31 
and  AD33  (sheets  and  extruded  rods)  survived  without  damage  for  one 
year.  These  were  tests  with  alternate  immersion  in  a  3%  solution  of 
NaCl  (specimens  in  the  form  of  a  loop  of  sheet  metal  1.3  mm  thick  and 
a  7-5  x  80-mm  fork  cut  crossgrain  from  an  extruded  strip). 

Technological  data.  Alloys  AD,  ADI,  AMts,  AMgl,  AMg2,  AMg3,  AMg4, 
AMg5V,  and  AMg6  are  not  strengthened  by  heat  treatment.  In  addition  to 
alloying,  sheets  and  plates  are  cold-hardened  during  rolling.  The 
stronger  the  alloy  and  the  thicker  the  sheet  or  plate,  the  more  diffi¬ 
cult  it  is  to  accomplish  cold-hardening.  Alloys  AD,  ADI,  AMts,  AMgl, 
AMg2,  AMg3  are  highly  plastic  in  the  annealed  state  and  show  medium 
plasticity  in  the  half-cold-hardened  state  and  low  plasticity  in  the 
cold-hardened  state.  Alloys  AD,  ADI,  AMts,  AMgl,  AMg2  are  annealed  at 
temperatures  of  350-410°  and  cooled  in  air.  Alloy  AMg3  is  annealed  at 
270-230°  and  cooled  In  air;  the  forging  and  stamping  temperature  Is 
450-480°. 

The  plasticity  of  alloys  AMg5V  and  AMg6  in  the  annealed  state  is 
good,  but  they  have  a  tendency  to  rapid  hardening  and  loss  of  plasti¬ 
city  during  deformation.  The  plasticity  is  low  in  the  cold-hardened 
state.  If  difficulties  arise  in  flanging  for  welding,  it  is  recommended 
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TABLE  3 

Typical  Mechanical  Properties  of  Corrosion-Rests* 
tant  Alloys  at  20° * 
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^For  all  alloys,  E  =  7000-7200  kg/mm2;  G  =  2700 
kg/mm2 . 

^he  endurance  limit  was  determined  in  bending 
of  a  rotating  specimen,  N  =  5  x  10°  cycles.  In  the 
case  of  a  cold-hardened  material,  depends  on 

the  degree  of  cold-hardening. 

3 Base  2  x  10?  cycles. 

A)  Alloy;  B)  state  of  material;  C)  (kg/mm2);  D)  Tsr;  E)  (kg/mm  );  P) 

ADN,  AD1N;  0)  cold-hardened;  H)  ADM,  AD1M;  I)  annealed;  Jj^tsN;  K) 
AMtsP;  L)  half-cold-hardened;  M)  AMtsM;  N)  AMgl;  0)  same, 
hardened;  0.)  AD31T1;  R)  tempered  and  artificially  aged;  S)  AD31T ,  T ) 
tempered  and  naturally  aged;  U)  AD31M;  V)  AD33T1;  W)  AD33T;  X)AD33M; 
Y)  AD35T1. 
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TABLE  4 

influence  of 
Temperature  on 
the  Mechanical 
Properties  of 
Annealed  AMtsM 
Alloy  Sheets 
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TABLE  5 

Mechanical  Prop^rth  in  Tension  of  An¬ 
nealed  AMgl  A12oy  Sheets,  Including 
Welded  Joints 
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A)  Property;  B)  test  temperature;  C) 
cs  (kg/mm2 j ;  d)  ab  of  welded  joint 

(Rg/mm2). 

TABLE  6 

Mechanical  Properties  of  AMg2  Alloy 
Sheet  at  Low  and  Elevated  Temperatures 
(6  =  2  mm) 


i 

E 

iiMlli'fia  i  ypu 

iiiiii  naiiMi 

1  '  ) 

CM»iicTi.a  fa  i 

-n  o  ; 

— 7  <  *  j 

|  1  uu 

i 1 

1  Juu  ^  2»0 

:«or> 

(K JJUl'l  C . 

si 

j  30 

19 

17 

1  ■’ 

1  3  ]  i  I 

; 

*0,,  <*•  a> . 

- 

K 

8 

7 

O'  — 

4(7-11,3  1  F  )  (%,  •  • 

.»n  | 

\  .70 

! 

20 

3  j 

M  ti2 

i 

7  ■> 

A)  Properties;  B)  test  temperature  (°C) 
C)  (kg/mm2). 


TABLE  7 

Mechanical  Properties  in  Tension  of  AMg3  Alloy 
Sheets,  Including  Welded  Joints 
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A)  Property;  B)  test  temperature  (°C);  C)  (kg/mm  ); 
D)  6b  of  welded  joint  (average)  (kg/mm2). 
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TABLE  8 

Mechanical  Properties  of  2.0-mm  AMg5V  Alloy  Sheets, 
Including  Welded  Joints,  at  Low  and  High  Tempera¬ 
tures 
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A)  Property;  B)  test  temperature  ( °C ) ;  C)  (kg/ran^); 
D)  of  welded  Joint  (kg/mm2). 


TABLE  9 

Mechanical  Properties  of  AMg6  Alloy  Semifinished 
Products  at  Elevated  Temperature 


l 

B  ! 

U  TrauitpjTypa  ■cni/TiNM  < *C ) 

Ci,oHcr«a  . 

A 

20 

!  too 

160 

j  200 

|  260 

|  300 

1 

• b  <»«  **’)  D 

<«#,»•.•)  J) 

.iBCT  ...  E  .  .  .  . 

[1  po$aaL  .  p  .  .  . 
Jlncr . 

32 

36 

17 

13 

24 

ID 

««0O 

7OO0 

30 

31 

16 

13 

31 

20 

6200 

6  ’.  ')0 

26 

13 

I* 

20 

12 

14 

1  11 

30 

5660 

67«0 

13 

17 

10 

** 

46 

36 

6200  ] 
6600 

13 

r 

*„<%> 

j  .’ImcT . 

37 

43 

jIbct  . . 

tl  potm.it . 

6100 

44*0 

A)  Property;  B)  material:  C)  test  temperature  (°C); 
D)  (kg/mm2);  E)  sheet;  P)  profile. 


TABLE  10 

Mechanical  Pro¬ 
perties  of  AD31T1 
Alloy  Extruded 
Rods  and  Rolled 
Sheet  (tempered 
and  Artificially 
Aged)  at  Various 
Temperatures 
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TABLE  11 


Mechanical  Properties  of  AD33  Alloy 
Sheets  and  Profiles  (Tempered  and  Ar¬ 
tificially  Aged)  at  Various  Tempera¬ 
tures 
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that  this  operation  he  carried  out  with  backing  block  or  heater.  Fin¬ 
ished  and  semifinished  products  of  alloys  AMg5V  and  AMg6  takes  place  at 
temperatures  between  310  and  335°  with  cooling  in  air.  Annealing  at 
temperatures  above  350°  Increases  the  tendency  of  these  alloys  to  cor¬ 
rode  under  stress  and  is  severely  detrimental  to  the  corrosion  resis¬ 
tance  after  supplementary  heating  cycles  (in  manufacture  or  operation, 
including  solar  heating  in  southern  latitudes)  in  the  temperature  range 
from  60-200°.  After  annealing  at  a  temperature  of  310-335°,  the  mater¬ 
ial  is  not  sensitive  to  corrosion  under  stress.  The  heating  temperature 
for  forging  and  stamping  is  460°.  In  forging,  It  is  necessary  to  cool 
the  surface  of  the  blank  to  a  temperature  of  400-420°  and  then  to  forge 
with  a  small  reduction. 

Alloys  AD31,  AD33  and  AD35  are  hardened  by  heat  treatment.  They 
are  quenched  from  520°  +  5°,  cooled  in  water  at  room  temperature  and 
aged  naturally  at  room  temperature  (AD31T,  AD33T)  or  artificially  at 
l60°  for  12  hours  (AD31T1)  and  16  hours  (AD33T1).  For  the  most  part, 
hardening  of  alloys  AD31,  AD33  and  AD35  in  natural  aging  is  complete 
after  the  first  two  days. 


TABLE  12 

Fatigue  and  Creep  Lim¬ 
its*  of  AD33  Alloy 
Profiles  and  Sheets 


fcC  L 

\ 

1  Vis 

*o.;  io 

H  J 

45  A 

>  W 

ft.  ‘ 
h  Z 

H 

JlRf 

11  PMC  O- 
MMMua 

Hpo- 

♦  ■«V  Q 

1  2\ 

_ 

- 

— 

1 

!  ii 

— 

_  p 

*In  kg/Wn  . 

A)  Test  temperature 
(*C);  B)  sheet;  C)  ex¬ 
truded  profile. 


Alloys  AD31,  AD33  and  AD35  show  the 
highest  strength  characteristics  after  arti¬ 
ficial  aging.  Concerning  weldability,  see  the 
article  on  Weldable  aluminum  shaping  alloys. 
In  the  annealed  state,  alloys  AD,  ADI,  AMts, 
AMgl,  AMg2,  AD31,  AD33>  AD35  machine  unsatis¬ 
factorily;  alloys  AD,  ADI,  AMts,  AMgl,  AMg2 
machine  satisfactorily  in  the  cold-hardened 
state,  and  alloys  AD31,  AD33>  AD35  in  the  na¬ 
turally  and  artificially  aged  states.  Alloy 
AMg3  machines  satisfactorily;  alloys  AMg5V 
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TABLE  13 

Corrosion  Resistance  of  AD31,  AD33>  AD35  and  AV  A1 
loy  Extruded  Semifinished  Products* 


CnjKiH 

1 

Coctorhri  Mirepitaa* 

2 

3 

UMIHMRCCKRt  CHOOetll* 

nottpa  m- 

..  *1R«. 

7  C  ROflCTH 
u  perjrJUTHTB 
KoppofHi 

ao  KOppOSMR  )| 

5  DOOM  KOppOBRR 

•» 

|  (M/MM1) 

«<%> 

% 

(M/MM') 

1 

46 

<%) 

Aaii 

9  EcrecTBOHHO  eocTiptHRuft 

16.1 

16.6 

11.1 

11.6 

0 

0 

n  1 

q  Hcktcctiimmo  coei<p«*Nut' 

21.6 

12.6 

21.6 

12.6 

0 

0 

~o 

A.133 

9  EcMCTMHHO  COCT!P«Bnu<t 

26.2 

26,1 

26.2 

26.6 

0 

l.t 

11  1 

0  HCKTCCTMaHO  COCTiptMUl 

10.4 

17.1 

10.1 

16.1 

0.0 

2.1 

AB 

V  ” 

Ectcctbcrro  COCT«p«RUUR 

22,7 

21.0 

26,16 

27.1 

0 

6.6 

L2  lfl 

HcKyCCTMRRO  COCTipCHRUfl 

12,1 

14.4 

20,7 

6.7 

1,02 

10.6 

A  JZ35 

--  EcTecTneHHO  COCTipeHRUt 

32.2 

16.0 

14,1 

17,0 

0 

4.6 

-.13  1 

^  UCKyCCTIiCHHO  COCTiPMHUfl 

40.7 

13.3 

40.4 

11. 1 

0.7 

16.0 

*flhe  medium  was  a  3 %  aqueous  solution  of  NaCl  + 

+  0. 1$  HpOpj  the  test  lasted  3  months  with  complete 
immersion. d 

1)  Alloy;  2)  state  of  material;  3)  mechanical  properties;  4)  before 
corrosion;  3)  (kg/mm2 3);  6)  after  corrosion;  7)  loss  of  mechanical  pro¬ 
perties  due  to  corrosion;  8)  AD31;  9)  naturally  aged;  10)  artificially 
aged;  11)  AD33;  12)  AV;  13)  AD35- 


TABLE  14 


Results  of  One-Year  Test  of 
AD31  Alley  in  the  Atmosphere 
of  an  Industrial  District 


1 

B SA 

onjy4»«6- 

pIKSTI 

3 

Ao  Kopporatf 

k  nocjie 

1  Koppotaa 

□ortpa 

MexanH^. 

— m - 

% 

(KS  MM  ) 

['-(%) 

%  x 
(«*  MM') 

I*  J 

**6  1  4‘ 

(%) 

6  .Irctu 
j  np«iRju 

26.6 

24.4 

14.7 

17,6 

26.6 

24.1 

12.1 

16.6 

0.2  7.4 

0  6.2 

l)  Form  of  semifinished  pro¬ 

duct;  2)  before  corrosion; 

3)  (kg/mm2);  4)  after  corro¬ 

sion;  5)  loss  of  mechanical 
properties;  6)  sheet;  7)  pro¬ 
file. 
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TABLE  15 

Physical  Properties 


CUnn 

T 

“  (20*: 

('t*i  MM  1* 

I 

1  (»ui'*rl«*C) 

1  10*  (l/*0) 

C  (X.1A  1  *C) 

AMI.  AM 

2.71 

'■#%  (AM)* 

7 %  (All)** 

()».l.  3A*KTp«ltjpci.«fl. 
H'.'CTI.  II  %  OT  tA«KT- 

pi iiponoaMOcri  mg* 

AM) 

0,32  (2n*)  All** 
0,84  (20*)  AM* 

22  ('*-50  ao +20*) 
28,0  (20-300*) 

AM" 

2.73 

40%  (AMqH) 

41%  (AMunj 

80%  (AMnM) 

(TA.  MGHTpunpmioa- 
KOCTk  U  %  OT  AUGHT- 
FonpoooflHocTM  Me¬ 
an) 

0.43  (28*) 

0.43  (400*)  (AM11M) 

21  .0  (ot— 50  ao 
+2»“) 

25.0  (20-300*) 

0.28  (100*) 

0.31  (400*) 

AMrt 

2.7 

0.0341 

0,44  (23*) 

0.43  (400*) 

24.3  (20-200*) 

26. 2  (20-400  ) 

0,22  (|oo») 

0.28  (400*) 

AMr2 

2,88 

0.0476 

0.37  (23*) 

0.40  (400*) 

22.2  (i  t  -50  BO 
+20*) 

23,8  (20-300*) 

0.23  (100*) 

0,26  (400*) 

AUr3 

2.87 

0.0496 

1 

0.33  (25°) 

0,38  (400*)  j 

23.5  (20-100*) 

28.1  (20-400*) 

0.21  (100*) 

0.25  (400*) 

AMr5B 

2.65 

|  0.0840 

0.29  (23*) 

0.33  (400*) 

- 

0.22  (100*) 

0.28  (400*) 

AMrt 

2.84 

0.0710 

0.28  (25*) 

0,33  (400*) 

24.7  (20-200*) 

28,5  (20-400*) 

0.22  (100*) 

0.26  (400*) 

A  AS  I 

2.71 

0.0344 

0.43  (25s) 

0.48  (400*) 

24.3  (20-200*) 

I  28.7  (2o— 40o*J 

0.22  (100*) 

0.24  (400*) 

AM33 

2.71 

0.0438 

0.34  (23*) 

0,41  (300*) 

24.1  (20-200*) 

25.0  (20-300*) 

0.225  (100*) 
0.25  (300*) 

AASI 

2,  It 

0.018 

0.44  (23*) 

24  (20-200*) 

0.21  (100*) 

*AM  -  soft  aluminum. 

**AN  —  cold-hardened  aluminum. 


1)  Alloy;  2)  y  (g/cm3);  3)  p  (20°)  (ohms  •mm^/m) ; 
5)  c  (cal/g  C);  6)  ADI,  /n;  7)  (conductivity  in  * 
cooper);  8)  22  (from  -50  to  i-20d);  9)  AMts ;  10) 


4)  X  (cal/cm»sec»°C) 
%  of  conductivity  of 

,  _  \  ■  .  -  > '  -1  —  *  —  — —  r-  •  /i  j  /  ™*wu  ,  aw/  ( AMtsN ) ;  11 )  (AMt  sP  )  ; 

12)  (AMtsM);  13)  AMgl;  14)  AMg2;  15)  AMg3;  16)  AMg5V;  17)  AMgb;  18) 
AD31;  19)  AD33i  20)  AD35- 
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TABLE  16 

Influence  of  Pause  Between  Tempering  and  Artificial 
Aging  on  Mechanical  Properties  of  Alloys  AD31  and 
AD33 


IlpOflOJI- 

WBTeJIJ." 

Hocfb  ne- 

nepHis 

(<UCM) 

*5 

*«.» 

l 

(*>  MM1) 

(34) 

A33! 

AJ333 

A.S35 

Afl3t 

AflSS 

Afl35 

A33I 

6231 

AJI35 

0.25 

27,  5 

31.2 

41  .0 

24,0 

21,0 

38.9 

10,7 

11.6 

12.0 

u,  5 

27, 6 

31,0 

— 

25,  1 

21.0 

12.0 

11.9 

— 

1 

27,2 

30.7 

— 

24.6 

27.5 

— 

10,0 

II  .1 

— 

O 

4 

26,9 

30,3 

38.4 

23,9 

27,5 

34,9 

11.5 

12.9 

13.1 

25,  t 

30,1 

37.3 

21.9 

27,0 

83.1 

M  .« 

13.1 

13.7 

0 

24.5 

20.2 

37.3 

20.0 

26,1 

33.5 

12.6 

13.1 

13.1 

(8 

25.1 

27,5 

I’.l 

20.7 

23,2 

32.9 

13,1 

15.1 

14.0 

240 

24.5 

27.7 

37,0 

20,5 

23,0 

33.0 

13.3 

15.0 

14.0 

p 

A)  Duration  of  pause  (hours);  B)  (kg/mm  ) ;  C)  AD31. 


and  AMg6  machine  well. 

Alloys  AD31,  AMgl  and  AMg2  take  a  particularly  good  polish  and  are 
excellent  decorative  materials. 

Note.  Alloys  AD,  and  ADI  (technical  aluminum)  are  used  in  struc¬ 
tural  elements  that  do  not  carry  loads  and  require  a  material  with  high 
plastic  properties,  good  weldability,  high  corrosion  resistance  and 
high  thermal  and  electrical  conductivity.  Alloys  AMgl,  AMg2,  AD31,  AMg4 
are  distinguished  by  high  corrosion  resistance,  good  decorative  appear¬ 
ance,  and  excellent  polish;  they  are  used  in  lightly  and  medium-loaded 
welded  and  .. iveted  structures  (including  those  requiring  deep  drawing 
of  thr  material).  These  alloys,  as  well  as  AD  and  ADI,  are  used  to  make 
pipes  for  various  purposes,  grillwork,  interior  partitions,  electrical 
conductors,  doors,  window  frames,  watch  cases,  jewelry  items,  deck  su¬ 
perstructures  on  seagoing  and  river  vessels,  siding,  bezels,  tanks, 
etc.  Alloys  AMts  and  AMg3  are  used  for  lightly  stressed  welded-up 
structures  (including  those  requiring  deep  drawing  of  the  material), 
when  they  must  show  high  corrosion  resistance  (for  example,  in  tanks 
for  storage  of  gasoline  and  kerosene);  alloys  AMg5V  and  AMg6  are  used 

in  medium-loaded  welded  and  riveted  structures  requiring  high  corrosion 
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resistance  of  the  material;  alloys  AD33  and  AD35  are  found  in  medium- 
loaded,  usually  riveted  or  bonded  structures  requiring  higher  yield 
points  and  high  resistance  to  corrosion  and  corrosion  fatigue. 

Thus,  alloy  AD33  is  used  to  make  helicopter  blades;  alloys  AD33> 
AD35*  AMg5V  and  AMg6  are  used  for  the  frames  and  passenger  compartments 
of  railroad  cars,  welded  tanks,  suspended  load-bearing  ceilings,  inter¬ 
ior  partitions  in  buildings  and  bulkheads  in  ships,  utility  poles, 
pipelines,  excavator  booms,  elevators,  certain  assemblies  in  cranes  and 
drilling  derricks,  hulls  and  masts  of  ships,  etc. 

References ;  Voronov,  S.M.  Izbrannyye  trudy  po  legkim  splavam 

[Selected  Works  on  Light  Alloys],  Moscow,  1957;  - ,  Protsessy  upro- 

cheniya  splavov  alyuminiy  —  magniy  —  kremniy  i  ikh  novyye  promyshlenny- 
ye  komtsozitsiy  [Hardening  Processes  of  Aluml.  um-Magnesium-Silicon  Al¬ 
loys  and  Their  New  Industrial  Compositions ] ,  Moscow,  1946.  Edel’man, 
N.M.,  Alyuminiyevyye  splavy  v  grazhdanskom  stroitel ' stve  [Aluminum  Al¬ 
loys  in  Civil  Engineering],  in  book  entitled:  Stroitel *nyye  konstruk- 
tsii  i::  alyumtnlyevykh  splavov  [Aluminum  Alloy  Structures],  edited  by 
S.V.  Taranovskiy,  Moscow,  1962;  Prldlyander,  I.N.,  Sovremennyye  alyumi¬ 
niyevyye  3plavy  [Modern  Aluminum  Alloys],  ibid.,  Legkiye  splavy.  Metal- 
lovedtniye  termichesl:aya  obrabotka,  lit 'ye  i  obrabotka  davleniyem 
[Light  Alloys.  Physical  Metallurgy,  Heat  Treatment,  Casting  and  Mechan¬ 
ical  Working],  collection  of  articles,  Moscow,  1958;  Deformlruyemyye 
alyuminiyevyye  splavy  [Aluminum  Shaping  Alloys],  collection  of  arti¬ 
cles  edited  by  I.N.  Prldlyander  [et  al.],  Moscow,  1961. 

I. II.  Prldlyander 
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1043 

CAJI  «  SAP 

1046 

T7  -  TU  - 

1048 

73  -  UZ  - 

1051 

cp  ■  sr  - 

1056 

AM  -  AM  - 

AH  -  AN  « 

[Transliterated  Symbols] 

■  spechennaya  alyuminiyevaya  pudra  «  sintered  alum¬ 
inum  powder 

tekhnicheskiye  usloviya  -  technical  spec  If  icat  Iona 
ul’trazvukovoy  -  ultrasonic 
srez  -  shear 

alyuminiy  myagkiy  -  soft  aluminum 

alyuminiy  nagartovannyy  -  coldhardened  aluminum 


CORROSION-RESISTANT  CAST  IRON  -  is  a  cast  iron  with  a  high  chemi¬ 
cal  resistance  to  aggressive  media,  such  as  acids,  alkalis,  and  other 
active  fluids.  Corrosion-resistant  iron  belongs  to  the  group  of  alloy¬ 
ed  irons;  the  latter  are  alloyed  with  elements  which  are  capable  of 
forming  solid  solutions  or  chemical  compounds  with  a  high  electrode  po¬ 
tential,  which  enter  into  the  iron-base;  with  elements  which  are  capa¬ 
ble  of  forming  a  compact  corrosion-resistant  (passivating)  film  on  the 
surface  of  the  object;  or  with  elements  which  improve  the  precipita¬ 
tion  of  the  carbon  in  the  iron  structure  in  a  bound  state,  i.e.,  as 
carbides.  The  corrosion  resistant  iron  may  be  a  low-alloy  one,  such  as 
white  and  gray  iron  with  lamellar  graphite,  or  a  high-alloy  gray  iron 
with  lamellar  or  spheroidal  graphite. 

The  corrosion-resistant  iron  grades  F15  and  F17  do  not  resist  hy¬ 
drochloric  and  hot  hydrofluoric  acids,  hot  concentrated  alkali  hydro 
ides,  NagCO^  solutions  and  boiling  Na^S^O^  solution;  the  cast  iron 
grades  Kh28L  and  Kh34L  do  iOt  resist  hydiochloric  and  sulfuric  acids 
of  low  and  medium  concentration,  hydrochloric  and  sulfuric  acids  of  low 
and  medium  concentration,  hydrofluoric  acid,  highly  concentrated  alka¬ 
li  hydroxides  at  high  temperatures,  nor  iron  chloride.  The  corrosion- 
resistant  grades  F15  and  F17  resist  sulfuric  and  nitric  acids  up  to  the 
boiling  point  of  the  latter,  and  other  mineral  acids.  These  iron  grades 
are  also  resistant  to  moist  chlorine,  carbon  sulfide,  hydrocyanic  acid, 
solutions  of  ammonium  chloride,  aldehydes  and  ether  aggressive  media. 
They  are  Irreplaceable  by  other  materials  in  the  case  of  contact  with 
hydrogen. 


1060 


III-l4chl 


Castings  of  gray  corrosion  resistant  Iron  with  spheroidal  graphite 
are  less  resistant  to  alkalis  than  castings  of  low-alloy  iron  of  the 
SChSh-1  and  SChSh-2  grades  due  to  the  tendency  of  the  former  to  form 
Intercrystalline  cracks. 

High-nickel-alloy  corrosion-resistant  Iron  with  austenitic  struc¬ 
ture  of  the  Nl-Resist  type  is  characterized  by  a  high  corrosion  resist¬ 
ance,  heat  resistance  and  scale  resistance.  The  castings  are  made  of 
gray  Ni-Resist  iron  with  lamellar  or  spheroidal  graphite. 

Corrosion-resistant  iron  of  the  ZhChNDKhl5-7-2  is  used  for  parts 
of  chemical  equipment  working  In  solutions  and  fluids  heated  up  to 
400°;  the  Ni-Resist  of  type  2  is  used  for  parts  working  under  condi¬ 
tions  at  which  a  contamination  by  copper  must  be  avoided  (for  parts  of 
chemical  equipment  in  alkaline  medium  or  in  ammonia  solutions,  equip* 
ment  of  food  industry,  aggregates  for  the  production  of  synthetic  fi¬ 
bers  and  plastics);  the  Ni-Resist  of  the  type  3  is  used  fox  parts  work¬ 
ing  under  greatly  varying  temperatures. 

Gray  high-nickel  corrosion-resistant  iron  with  spheroidal  graphite 
of  the  types  2  and  3  is  used  for  parts  exposed  to  the  action  of  corro¬ 
sion,  erosion,  cavitation  and  wear  in  the  media  of  moist  steam,  aggres¬ 
sive  water  and  fluids  containing  aggressive  components  and  suspended 
abrasive  particles;  type  3  is  used  in  the  case  of  exhibition  to  corro¬ 
sion  and  wear;  type  4  is  used  for  parts  with  an  increased  resistance  to 
corrosion,  erosion  and  oxidation. 
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TABLE  1 

Chemical  Composition  of  Corrosion-Resistant  White  euid 
Cray  Iron  with  Lamellar  Graphite 


1}  Corrosion  medium;  2)  cast  iron;  3)  GOST;  percentage  of  elements; 
5}  not  more  than;  6)  other  elements:  7)  alkalis;  8)  the  same;  9)  acids, 
especially  hydrochloric  acid  (10$) >  10)  sulfuric  acid;  11)  hydrochloric 
acid;  1?)  nitric  acid;  13)  nitric  acid  and  sea  water;  15)  F. . ;  16) 

MF. 17)  Kh. . L;  l8)  Chugal' ;  19)  up  to. 

TABLE  2 

Mechanical  Properties 
of  Corrosion-Resistant 
White  and  Gray  Iron 
with  Lamellar  Graphite 


‘hrui.  •  n  ' 


Chugal'  see  Aluminum 
cast  iron. 

♦Diameter  of  the  speci¬ 
men  -  3^  mm. 

P  P 

1)  Cast  iron;  2)  (kg/mm  );  3)  f/on*(mn):  b)  without  notch  (kgm/cm  ); 

5)  F. . ;  6)  MF. . ;  7)  Kh. .  L.  0 
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TABLE  3 

Physical  Properties  of 
Corrosion-Resistant  White 
and  Gray  Iron  with  Lamel¬ 
lar  Graphite 


(1.  1  O'  11  PH  * 

V  '•«:) 

4 

'lyryn 

1| 

yen  AM  (■>/„) ! 

O 

it  ’<:>  ^ 

i|>  1  5 

1  .7—2.1 

i 

1  1  -  i  2 

■i  K5-a.it 5 

<1>P 

5  ■ 

(  ,  7—2  .  .1 

n  -12 

M<t>l  5 

■  c 

2.0 

1  1  -12 

x:>-i  >  o 
s  u.i  (  7 
Wyni.il*.  ^ 

1  .5-1  .8 

1  ,8-1  .8 

2 , 4  •  - 1  o 
i:i-M 

7,8 

0.8-0. 7 

1)  Cast  iron;  2)  linear  shrinkage;  3)  a«10^  at  20-200*  (l/°C);  4)  (g/ 
/cm3);  5)  p. .;  6)  MF. . ;  7)  Kh.  .L;  8)  Chugal' . 

TABLE  4 

Chemical  Composition  of  Corrosion-Resistant  Gray 
Iron  of  the  Nl-Reslst  Type  with  Lamellar  Graphite 


2  Coa«pm«HM  uentHTut  (»/,) 


Wyrrii  1 

C 

I  Sl 

Mn 

1  Nl 

Cu 

Cr 

WHHIIX1  5-7-2 
(rOCT  7705-56)  . 

2,5— 3.0 

|RHR 

0,5-1. 2 

I 

■ 

8-8.5 

1.5-2. 6 

2  (CILIA)  . 

IhShI 

0.8-1. 5 

AO  0,6 

1  .75-2.6 

3<CUIA)  4-  •  • 

flo  2.6 

IaUI 

0.8-0, 8 

mm 

AO  0.6 

4. 5-5. 5 

1)  Cast  iron;  2)  percentage  of  elements;  3)  ZhChNDKhl5-7-2  (GOST  7769- 
55);  4)  (u. s. ) . 


TABLE  5 

Mechanical  Properties  of 
Corrosion-Resistant  Gray 
Iron  of  the  Ni-Resist  Type 
with  Lamellar  Graphite 


WyryM 

Ok 

O- * 

HH 

O-i 

2 

!  ( KtIMM *> 

3  «HH;U 
15  7-2 

21-27 

t3«-130 

2  1C  111  A 1  1. 

17.8-21,1 

70,3-88.8 

130-180 

8,4 

KCU1A)  H 

17.8-24.8 

58  1 

150-180 

6.3 

1)  Cast  iron;  2)  (kg/mm2);  3)  ZhChNDKhl5-7-2;  4)  (U.S.). 
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TABLE  6 

Chemical  Composition  of 
Corrosion-Resistant  Gray 
Iron  of  the  Ni-Reslst  Type 
with  Spheroidal  Graphite 


P  CuaCpWUllHO  WICUPHTOD* 

X  1 
► 

t 

£ 

SI 

Mn 

Nl 

Or 

2«’.[DA) 

.1.0 

1.75- 

3.0 

0.7-1  .0 

18-22 

1.75-2.5 

i(CUJ  A) 

2 .« 

t.  5-2,0 

no  0,5 

29-32 

1 .0-1  .5 

4(CII1A) 

2.6 

5-6 

no  0,5 

20— .12 

4  .5—5 . 5 

*The  copper  content  must 
not  surpass  3$  (which  pro¬ 
motes  the  formation  of 
spheroidal  graphite). 

1)  Cast  iron;  2)  percentage  of  the  elements*;  3)  maks;  4)  (U.S.). 

TABLE  7 

Mechanical  Properties  of 
Corrosion-Resistant  Gray 
Iron  of  the  Ni-Resist 
Type  with  Spheroidal 
Graphite 


MyryH 

1 

°8  1 

°c,»  1 

Hli 

fl.rt  l" 

2  (CUI  A)  -j 

3  (CUIA)  3 

4  (CUIA) 

1  1 

18—4  5 
42-50 

iOI'  5 

1  i  1 

-in<£ 

M?KI 

140-200 
13-18  , 
1.10-190 

8-2U 

;  140— 200 

1,5-4 

1)  Cast  iron;  2)  (kg/mm2). ;  3)  (U.  S.). 

TABLE  8 

Physical  Properties  of 
Corrosion-Resistant  Gray 
Iron  of  the  Ni-Resist 
Type  with  Spheroidal 
Graphite 


! 

a  10* 

20- 
200* 
(1  "Cl 

I 

*1 

’lyryw  ^ 

Y 

1  *l*M '  1 
2 

>. 

*<L4  t  : 

.  f  K  °C) 

2 

y 

*8 

l 

It  <IJ|.H  C 

H  =  |  o—  J 

.  TOO  .1 

4  _ 

—  (C)j|  .\  )  y 
3  (CUIA)  Q 

18.7 

7,41 

0.012 

102 

1  .02-1,04 

12.6 

7.45 

— 

~ 

*0,0 

4  (C!UA) 

14,4 

7.45 

1.10 

_ _ _ 

1)  Cast  iron;  2)  (g/cm-3);  3)  cal/cm»sec*°C;  4)  microohms/cm;  5)  (at 
H  =  10-300  oersted);  6)  (U.S.). 
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References :  Girshovich,  N. G. ,  Sostav  i  svoystva  chuguna  [Composi¬ 
tion  and  Properties  of  Cast  Iron],  in  the  book:  Spravochnik  po  chugun- 
nomu  lit'yu  [Handbook  on  Iron  Casting],  2nd  Edition,  Moscow-Leningrad, 
i960;  "Foundry  Trade  J. ,"  i960,  Vol.  108,  No.  2251,  pages  103-106; 
Hall,  A.M. ,  Nikel'  v  chuguna  i  stall  [Nickel  in  Cast  Iron  and  Steel], 
translated  from  English,  Moscow,  1959;  Everest,  A.B.  and  Nickel,  0., 
"Foundry  Trade  J.,"  Vol.  108,  No.  2265,  pages  515-522;  Grilliat  J.  and 
Poirot,  R. ,  "Fonderie,"  i960,  No.  178,  pages  449-461. 
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CORROSION  RESISTANT  WROUGHT  BRASS  Is  brass  containing  60-91#  Cu 
and  one  or  more  alloying  components.  These  brasses  have  higher  corro¬ 
sion  resistance  than  the  simple  (binary)  brasses  and  are  easily  pres¬ 
sure  worked  (see  Special  Brass).  The  additives  which  improve  the  cor¬ 
rosion  resistance  of  the  brasses  arc:  aluminum,  manganese,  silicon, 
nickel,  tin  and  arsenic. 

Aluminum  (see  Aluminum  Brass)  improves  the  corrosion  resistance  of 
the  brasses  in  atmospheric  conditions,  sea  and  fresh  water.  The  addi¬ 
tion  of  nickel  and  iron  to  the  aluminum -bearing  corrosion  resistant 
brasses  improves  their  corrosion  resistance  and  strength.  The  following 
types  of  aluminum-bearing  corrosion  resistant  brasses  are  produced: 
LA85-0.5,  LA 77 -2,  LAZh60-l-l,  LAN59-3-2.  The  ultimate  strengths  of 
these  brasses  in  the  annealed  condition  are  38-50  kg/mm2  and  In  the 
work  hardened  condition  (50#)  are  58-70  kg/mm  ,  the  relative  elonga¬ 
tions  are  40-55  and  8-12#  respectively.  The  type  LA85-C.  5  corrosion  re¬ 
sistant  brasses  with  high  copper  content  are  used  for  the  fabrication 
of  signs,  furniture  and  artistic  products;  LA 77 -2  is  used  for  condenser 
tubes.  LAZh60-l-l  is  used  for  the  fabrication  of  tubes  and  rods  for 
high-strength  details  operating  in  sea  water.  LAN59-3-2  has  very  high 
strength  and  corrosion  resistance  and  is  used  for  corrosion-resistant, 
high-strength  details  used  in  ocean-going  ship  construction,  electrical 
machinery  construction  and  chemical  apparatus. 

Manganese  (see  Manganese  Brass)  Improves  the  resistance  of  the 
brasses  to  the  action  of  sea  water,  chlorides  and  super-heated  steam. 

In  combination  with  aluminum  and  iron,  manganese  also  improves  the 
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strength  of  the  brasses.  The  mechanical  properties  of  the  types 
LZhMts59-l-l,  UIts58-2  and  LMtsA57-3-l  corrosion-resistant  wrought 

O 

brasses  containing  manganese  are:  ultimate  strength  45-60  kg/mm,  rela¬ 
tive  elongation  40-60#  (00ST  1019-47).  The  LZhMts59-l-l,  LMts58-2  and 
IHtsA57-3-l  brasses  are  used  for  the  fabrication  of  tubes,  sheet,  strip 
and  rods.  The  nonstandard  LNMtsZhA60-l -2-1-1  brass  containing  (58-62# 
Cu,  0.5-1. 5#  Ni,  1.5-2. 5#  Mn,  0.  5-1. 1#  Pe  and  0.5-1#  Al),  which  is 
characterized  by  high  corrosion  resistance  in  fresh  and  sea  wcter  is 
also  produced.  This  brass  replaces  the  bronzes  and  brasses  with  high 
copper  content  and  can  be  produced  from  the  secondary  copper  alloys;  it 
is  used  for  the  fabrication  of  details  in  ocean  vessel  construction. 

Silicon  (see  Silicon  Brass)  improves  the  corrosion  resistance  of 
the  brasses  in  sea  water  and  atmospheric  conditions  and  also  Increases 
the  resistance  to  corrosion  cracking.  The  stand  su’d  LK80-3  and  nonstand¬ 
ard  UCS65-1.3-3  (63.5-66.5#  Cu,  1-2#  31,  2. 5-3- 5  Fb)  silicon  corrosion- 
resistant  wrought  brasses  are  produced.  The  latter  is  easily  pressure 
worked  and  has  high  antifriction  properties.  The  LK80-3  brass  is  used 
primarily  for  the  fabrication  of  forged  and  stamped  details.  The  mech¬ 
anical  properties  of  the  LK80-3  brass  are:  ultimate  strength  30-50  kg/ 

p 

/mm  ,  relative  elongation  15-40#. 

Nickel  (see  Nickel  Brass)  improves  the  corrosion-resistance  of  the 
brasses  in  atmospheric  conditions  and  in  sea  water  and  somewhat  im¬ 
proves  the  resistance  to  dezinclflcatlon.  The  standard  brass  LN65-5  is 
produced  which  has  high  corrosion-resistance  and  high  mechanical  pro- 

p 

pertles  (ultimate  strength  38-70  kg/ram  and  relative  elongation  4-60#). 
It  is  used  for  the  production  of  sheet,  strip,  ribbon,  tubes,  rods  and 
shapes.  It  is  used  for  condenser  tubes,  manometer  tubes  and  sieves  for 
paper  making  machines. 

Tin  Improves  the  corrosion  resistance  of  the  brasses  in  sea  and 

1067 


% 

h 


***** 


II-73k2 

fresh  water,  as  the  result  of  which  they  have  received  the  name  of 
naval  brasses.  Four  grades  of  these  brasses  containing  tin  are  produced 
In  accordance  with  GOST  1019-47;  L090-1,  L070-1,  L062-1  and  L060-1.  The 
mechanical  properties  of  the  tin  brasses  (see  Naval  Brass),  depending 
on  the  zinc  content,  are:  ultimate  strength  In  the  annealed  condition 
from  28  to  35  kg/nm  and  In  the  work  hardened  condition  from  45  to  65 
kg/mm^,  while  the  relative  elongations  are  40-60# and  8-12#,  respective¬ 
ly.  The  L090-1  brass  is  used  for  the  fabrication  of  strip  and  ribbon 
used  for  antifriction  details  which  require  good  corrosion-resistance. 
The  L070-1  brass  is  Intended  primarily  for  the  fabrication  of  condenser 
tubes,  thermal  engineering  apparatus,  etc.  The  L062-1  brass  is  deliver¬ 
ed  in  the  form  of  sheet,  strip  and  rods  and  is  intended  for  all  types 
of  details  used  in  ocean  vessel  construction.  The  L060-1  brass  is  used 
in  the  form  of  wire  arid  thin  rods  for  welding  various  structures  in 
ship  construction. 

Arsenic  in  amounts  up  to  0.05#  increase  by  several  fold  the  resist¬ 
ance  to  dezincification  of  the  brasses  having  high  zinc  content  (over 
20#). 

References:  Smlraygin  A.P. ,  Promyshlennyye  tsvetnyye  metally  i 
splavy  [Industrial  Nonferrous  Metals  and  Alloys],  2nd  ed.  ,  M.  ,  1956; 
Mal'tsev  M. V. ,  Barsukova  T.A. ,  Borin  F. A. ,  Metallograflya  tsvetnykh  me- 
tallov  i  splavov  [Metallography  of  Nonferrous  Metals  and  Alloys],  M. , 
i960;  Spravochnik  po  mashinostroitel 'nym  materialam  [Handbook  on 
Machine  Construction  Materials],  Vol.  2,  M.  ,  1959. 


Ye.S.  Shpi chine tskly 


II-89M 


CORUNDUM  MICROLITE  —  is  sintered  corundum  of  microcrystalline 
structure  with  high  physico-chemical  properties.  The  method  of  produc¬ 
tion  was  developed  in  the  USSR  in  1950.  Characteristics  of  corundum 
microlite  technology  are:  1)  grinding  the  a-modification  of  technical 
alumina  to  an  average  grain  size  of  0.5-0.75  microns;  2)  Introduction 
of  a  modifier  (0.6-1#  magnesium  oxide)  into  the  ground  alumina  with  sub 
sequent  plasticizing  of  the  mixture  and  formation  of  the  parts;  3)  sin¬ 
tering  of  the  products  at  1750°  and  brief  anneal  with  soak  for  5-10 
minutes  in  the  region  of  the  temperature  maximum.  Properties  of  sinter¬ 
ed  corundum  of  various  types  are  given  in  Table  1.  Table  2  presents  a 
comparison  of  the  properties  of  corundum  microlite  and  other  tool  ma¬ 
terials. 


TABLE  1 
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I)  Material  type;  2)  content  of  Al^O-  (#);  3)  crystal  size  (microns); 

o  ^  O  p 

4)  volumetric  weight  (g/cmJ);  5)  ultimate  strength  (kg/mm  );  6)  in  bend 
ing;  7)  in  compression;  8)  Zintecorundum;  9)  same;  10)  Thermocorundum; 

II)  microlite. 
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TABLE  2 
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1)  Material;  2)  rockwell  A  hardness;  3)  bending  strength;  4)  compres- 

p 

sion  strength;  4')  kg/mm  );  5)  red  hardness  (°C);  6)  thermal  conductiv¬ 
ity  {cal/cm-sec-#C);  7)  coefficient  of  linear  expansion  a*lO'  (20-800°) 
8)  microlite;  9)  hard  alloy;  10)  high-speed  steel  R-l8. 


TABLE  3 
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1)  Material;  2)  rockwell  A  hardness  at  temperature 
(6C);  3)  reduction  of  hardness  {%)  at  1000°;  4) 
microlite;  5)  VK. 
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1)  Tool  material;  2)  relative 
cutting  capability  (#)  with  dur¬ 
ability;  3)  30  minutes;  4)  mi¬ 
crolite. 
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TABLE  5 
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i orginlng  blanks,  8)  spindle j  9)  rough 
ing  after  tempering  (RC  =*  45-50):  12) 
facing  and  groove  cutting. 


i  macnimng;  10)  shaft;  11)  turn- 
axle;  13)  same;  14)  pulley;  15) 


TABLE  6 
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1)  Insert  material;  2)  service 
life;  3)  hour**;  4)  for  steel 
cable;  5)  steel  Uo;  6)  microlite; 
7)  for  hemp  cable. 


TABLE  7 
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Microlite  surpasses  the  hard  alloys  in  ability  to  retain  its  prop¬ 
erties  at  elevated  ten^erature  (Table  3). 

Under  conditions  of  semi-finish  turning  of  30KhGSA  steel  with  ulti- 

O 

mate  tensile  strength  =  ?0  kg/mm  and  a  cutoff  section  of  1.5*0.15 
2 

mm  ,  the  cutting  capability  of  microlite  cutters  is  higher  than  that  of 
the  other  tool  materials  (Table  4). 

Corundum  microlite  was  developed  for  cutting  metals  and  has  been 
applied  to  the  fabrication  of  cutting  tools  (cuttirs).  Microlite  cutters 
are  used  in  the  machining  of  constructional  and  alloy  steels  with 

o 

strengths  up  to  160-180  kg/mm  and  with  hardness  to  RC  =  60,  and  also 
for  various  irons  and  nonferrous  metals.  Best  results  are  obtained  in 
machining  the  less  ductile  materials.  In  addition  to  the  operations  of 
finish  and  semi -finish  turning,  roughing  operations  have  been  developed, 
for  example  machining  of  a  worm  shaft  made  from  40Kh  steel  and  produced 
by  free  forging.  In  this  case  the  cutting  depth  is  6-12  mm,  feed  0.3- 
1.2  mr/rev,  cutting  speed  212-263  rpn.  The  use  of  microlite  cutters  im¬ 
proves  machining  productivity  (Table  5)- 

Corundum  microlite  is  also  used  to  produce  1  ear-resistant  and  high¬ 
ly  refractory  parts  for  equipment,  machines  and  instrumetns  (for  exam¬ 
ple,  draw  plates,  nozzles,  fittings,  lining  plates,  balls  for  mills, 
thread  guides,  insulators,  gauges).  Goou  results  are  obtained  with  use 
of  corundum  microlite  to  protect  machines  from  abrasion  in  the  produc¬ 
tion  of  steel  and  hemp  cables.  Table  6  gives  the  comparative  service 
.life  of  microlite  and  steel  inserts. 

Microlite  sleeve*  (nozzles)  for  sandblasting  and  shot  blasting 
equipment  have  found  wide  application  in  machln *  construction  since 
their  service  life  is  15--5  times  greater  man  that  of  the  steel  sleeves. 
Thus,  the  average  hourly  wear  of  steel  nozzles  is  O.b-1.2  mm,  while  the 
figure  for  microlite  nozzles  is  0.4-0.005  mm.  The  service  life  of  ml- 
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crolite  fittings  for  well  equipment  in  the  oil  fields  is  30  times  great¬ 
er  than  that  of  steel  fittings  (Table  7)« 

In  gauges  finished  with  mlcrolite  the  serice  life  of  the  measuring 
instrument  is  80-100  times  greater  than  in  gauges  made  from  carbon  and 
alloy  steels. 

References:  Kitaygorodskiy  I. I.,  in  book:  Peredovaya  tekhnologlya 
mashinostroyeniya  (Advanced  Technology  in  Machine  Design) ,  M. ,  1955, 
page  552;  Pavlushkln  N.M. ,  Spechennyy  korund  (Sintered  Corundum),  M., 
1961. 

N.M.  Pavlushkln 


COVAR  -  see  Alloys  for  Soldering;  of  Glass. 
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CREEP  -  residual  deformation  increasing  with  time  or  length  of 
static  loading.  Creep  may  occur  at  a  very  slow  rate  (for  example,  one 
one  hundred  thousandth  of  a  percent  per  hour)  and  can  continue  for 
months  or  years.  For  the  most  part,  creep  is  studied  at  constant  ele¬ 
vated  temperature  and  constant  loading  (which  for  small  strains  corres¬ 
ponds  approximately  to  constant  stress).  At  nearly  constant  stress, 
creep  is  intimately  associated  with  stress  relaxation,  and  thus  in  cer¬ 
tain  cases  these  processes  are  interconvertible.  The  mathematical 
treatment  and  calculations  for  creep  require  a  knowledge  for  the  given 
material  of  the  relationships  connecting  the  stress  a,  temperature  t° 
(T),  strain  e  ,  rate  v  ,  and  time  t.  The  frequently  employed  relation- 
ships  are:  Rabotnov,  tpp  a, -pi T),  where  A,  a,  k,  3  are  const;  Baily 
v  =  Ac/1,  where  A  and  n  are  temperature  functions;  Kachanov, v  =  B(*:)an, 

^  X 

where  n  is  const;  Malir'n  ■  r^o  ,  where  •  ,  n  is  const; 

0 

Nadai  vp  =  Ashao  where  tnd  a  are  const.  In  certain  cases,  the  hyper¬ 
bolic-sine  relationship  may  lead  to  an  exponential  relationship. 

In  tension,  (or  compression)  without  bending,  the  resultant  e  = 
equals  r --<•/*>•*,.+«,+«■<  .  The  first  term  on  the  r^gnt  side  corresponds  to 
elastic  strain  and  the  second  to  rapid  (nearly  instantaneous)  plastic 
deformation  at  the  instant  of  load  application;  the  third  term  corres¬ 
ponds  to  creep  deformation,  which  increases  with  time;  the  fourth  cor¬ 
responds  to  thermal  deformation  (a  is  the  coefficient  of  linear  expan¬ 
sion,  and  £  the  temperature  difference).  The  quantities  epQ  and  ep  are 
determined  by  different  physical  processes,  and  thus  must  be  demarcated. 
Under  conditions  of  steady  creep,  a,  t,  epQ,  do  not  depend  on  time  so 
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that  de/dx  =  dEp/dx,  i.e.,  only  ep  changes  with  time.  Calculations  for 
creep  make  it  possible  to  determine  the  stresses,  strains,  and  working 
time  under  creep  conditions  on  the  basis  of  the  properties  of  the  given 
material,  specified  either  graphically  as  a  creep  curve  or  by  certain 
creep-resistance  characteristics.  Such  calculations  are  usually  carried 
out  for  the  steady-creep  stage  on  the  assumption  that  £p  »  o/E.  Creep 
calculations  have  been  made  for  thin-walled  and  thick-walled  tubes  and 
plates,  rotating  disks,  turbine  blades  and  diaphragms,  flanges,  shells, 
springs,  shafts,  etc.  Creep  plays  a  very  important  role  for  materials 
in  steam  lines,  steam  boilers,  turbine  blades,  atomic -reactor  components, 
parts  of  rocket  and  similar  components  subject  to  long  periods  of  mech¬ 
anical  and  thermal  loading  and  heating.  Since  in  most  cases  there  is  no 
relationship  between  brief  ("static")  tests  and  creep  tests,  evaluation 
of  high-temperature  alloys  is  carried  out,  in  considerable  measure,  on 
the  basis  of  their  creep  resistance. 


t 

1 

>r1 

jy!  i 

!  (\ 

b 

U — 

Fig.  1.  Creep  curves:  a)  Typical  creep  curve;  b)  creep  rate  obtained 
by  differentiating  curve  a^ 

Creep  is  a  strong  function  of  temperature  and  stress  (as  these  two 
quantities  increase,  the  creep  increases  roughly  exponentially),  of  the 
structure  and  composition  of  the  material,  and  sometimes  the  nature  of 
the  surrounding  medium.  A  change  in  temperature  by  100-200°  may  change 
the  creep  rate  by  a  factor  of  hundreds  or  even  thousands.  The  basic 
characteristic  for  this  process  is  the  creep  curve,  which  gives  the  ex¬ 
perimental  graphical  relationship  between  the  elongation  e  (for  the  most 

part  in  tension)  and  time  x  under  constant  load.  Three  stages  are  usual- 
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ly  distinguished  on  the  creep  curve  (Pig.  1):  a  first  or  unsteady  stage 
where  the  creep  rate  (determined  by  the  tangent  of  the  slope  of  the 
curve)  gradually  decreases  owing  to  strain-hardening  processes;  a  se¬ 
cond  or  steady  stage  of  creep  where  the  creep  rate  is  constant  (within 

\ 

specified  limits,  this  stage  is  acceptable  in  operation);  a  third  stage,  i 

accelerated  creep,  where  the  creep  rate  progressively  increases  up  to  1 

.  * 

,  i 

complete  failure  of  the  specimen.  Under  service  conditions,  this  stage 
generally  is  not  acceptable.  For  machines  with  short  operating  lives 
(dozens  of  hours  or  less)  working  under  moderate  stresses,  the  unsteady 
stage  plays  an  important  role,  while  where  service  life  is  measured  in 
I  thousands  of  hours  or  more,  this  stage  may  usually  be  neglected,  with 
the  principal  position  being  occupied  by  the  steady-creep  stage,  to 
which  most  calculations  performed  pertain.  The  existence  of  an  absolute 
creep  limit  (i.e.,  stresses  below  which  there  is  no  creep  for  an  arbi¬ 
trary  loading  duration)  has  not  been  demonstrated.  Thus  the  creep  limit 
is  based  on  acceptance  of  creep  not  exceeding  a  given  value.  At  a  given 
temperature  (and  sometimes  for  a  given  load  duration)  the  creep  limit  is 
taken  as  the  constant  stress  that  causes  deformation  of  a  given  amount 
(for  example,  1%  in  100,000  hr)  or  a  definite  deformation  rate  (for  ex¬ 
ample,  10~5  %  per  hour).  Rapid  methods  of  determining  the  creep  limit 
are  usually  not  reliable  in  virtue  of  the  varying  physical -chemical  and 
structural  processes  for  short-term  end  extended  loading.  Many  of  the 

laws  given  for  variation  in  creep  resistance  and  ordinary  mechanical 

i 

properties  as  a  function  of  internal  end  external  factors  differ  end, 
on  occasion,  are  contradictory.  The  creep  mechanism  is  determined  not 
only  by  displacements  as  in  the  case  of  any  plastic  deformation,  but 

r 

*  also  by  processes  of  diffusion  end  selfdiffusion  both  within  grains  and 
on  grain  boundaries.  For  certain  materials  (for  example,  titanium), 

creep  may  also  be  observed  at  room  temperatures.  In  creep  at  elevated 
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(oscillation).  The  high-temperature  strength  of  alloys  containing  chem¬ 
ical  compounds  is  limited,  therefore,  to  below  the  evtectic  temperature; 
above  this  temperature,  local  fluctuations  in  composition  cause  local 
zones  of  liquid  phase  to  appear.  This  leads  to  a  sharp  decrease  In 
creep  resistance.  The  better  the  high-temperature  properties  of  the  al¬ 
loys,  the  lower  the  limiting  solubility  of  impurities  in  the  base  metal 
and  the  lower  the  peritectic  temperature,  the  greater  the  decrease  in 
high -temperature  strength  and  creep  resistance.  The  negative  influence 
of  impurities  may  be  eliminated  (as  with  the  elimination  of  red-short¬ 
ness)  by  the  following  methods:  1)  purification  of  the  metal  to  remove 
harmful  impurities  by  vacuum  and  electroslag  melting,  electron-beam 
melting,  and  other  refining  processes;  2)  by  introduction  of  additives 
that  cause  the  harmful  impurities  to  associated  into  high-melting  and 
strong  compounds  (additives  of  alkali  and  alkali-earth  metals,  zircon¬ 
ium,  etc.,  to  form  strong  oxides,  sulfides,  phosphides);  3)  by  a  homo¬ 
genizing  annealing  to  coalesce  low-melting  interlayers  at  the  boundar¬ 
ies  into  larger  globules  and  to  transfer  them  within  a  grain.  The  best 
results  are  yielded  by  a  combination  of  these  methods,  for  example,  the 
excellent  plasticity  of  chromium,  molybdenum,  tungsten,  and  niobium  is 
attained  by  a  combination  of  vacuum  melting  with  a  consummable  elec¬ 
trode  or  electron  beam  and  addition  of  small  amounts  of  cerium  or  yttri¬ 
um  to  remove  harmful  impurities.  In  contrast  to  short-term  strength, 
creep  resistance  in  many  cases  decreases  as  a  result  of  deformation. 

Thus  cold  deformation  by  more  than  3-5#  reduces  the  high -temperature 
strength  of  types  VD17,  AK4-1  and  other  aluminum  alloys.  The  surround¬ 
ing  medium  may  strongly  affect  creep;  in  certain  cases,  intergranular 
oxidation,  leading  to  tears  speeds  up  creep,  while  in  other  cases  an 
oxidizing  medium  may  prove  favorable.  As  an  example,  for  alloys  con¬ 
taining  80#  Ni  +  20#  Cr,  at  800-1000°,  a  change  from  testing  in  pure 
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argon  to  testing  in  air  (where  the  creep  curves  coincide  to  the  first 
intercrystalline  cracks)  may  lead  to  a  10-fold  increase  in  time  to 
failure  and  to  a  2-3-fold  increase  in  plasticity.  This  fact  is  ex¬ 
plained  by  oxidation  and  absorption  of  nitrogen  by  the  crack  surface 
with  formation  of  chromium  oxides,  which  retard  or  stop  the  crack.  In¬ 
creased  creep  resistance  is  very  important  in  research  on  high-temper¬ 
ature  alloys.  This  includes:  creation  in  high-temperature  alloys  of 
structural  components  with  high  resistance  to  coagulation  and  dissolu¬ 
tion,  with  retarded  diffusion  processes.  This  is  associated  with  high- 
temperature  melting  and  recrystallization,  for  example,  for  carbides  in 
steels,  and  for  aluminum  oxides  in  SAP  aluminum  alloys.  In  cermets  and 
similar  materials,  the  softening  processes  are  shifted  toward  higher 
temperatures,  and  good  creep  resistance  is  generally  achieved  at  the 
price  of  poor  plasticity  (the  impact  resistance  is  close  to  zero).  Mech 
anical  and  heat  treatment  with  favorable  orientation  of  structure  (poly 
gonization)  may  result  in  a  10-fold  or  better  increase  in  service  life 
and  an  increase  of  the  order  of  10#  in  rupture  strength.  Owing  to  creep 
rods,  plates,  and  shells,  may  lose  stability  after  a  certain  period  of 
time.  Here  in  place  of  the  critical  load  (the  stability),  the  basic 
characteristic  is  the  critical  time  or  critical  strain.  For  most  pro¬ 
ducts,  creep  conditions  are  not  constant;  .llowance  for  this  is  made  oy 
creep  testing  at  varying  temperatures  and  stresses  (so-called  cyclic 
creep).  Addition  of  a  pulsating  load  to  the  constant  load  will  mange 
the  creep  rate. 

In  regions  of  softening  (for  example,  at  high  temperatures)  non- 
stationartty  of  loading  will  generally  reduce  the  "service  life"  of  the 
material,  while  in  the  strengthening  region,  the  rupture  strength  will 
change  little,  occasionally  increasing.  In  service,  creep  is  accompan¬ 
ied  by  a  change  in  structure,  oxidation,  consolidation  of  alloying  ele- 
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ments,  recovery,  recrystallization,  and  in  many  cases  tears  near  grain 
boundaries.  These  processes  are  particularly  Intensified  in  surface 
layers,  and  have  an  essential  influence  on  lifetime  and  reliability  of 
products.  As  an  example,  outside  layers  of  nickel-chrome  steel  turbine 
blades  show  formations  of  oxides  of  these  metals  and  oxidation  along 
grain  boundaries  to  a  depth  ol  tens  of  microns.  Removal  of  the  damaged 
surface  layer  considerably  increases  lifetime  (by  a  factor  of  2,  for 
example,  following  electropolishing).  For  the  most  part,  temperatures 
of  structural  elements  will  differ  owing  to  intense  cooling  of  hot  por¬ 
tions  or  the  temperature  gradients  required  for  heat  transfer.  Thus  it 
is  necessary  to  consider  creep  under  conditions  of  nonuniform  tempera¬ 
ture,  where  stresses  due  to  external  loads  will  be  subject  to  consid¬ 
erable  redistribution  with  time:  in  hot  zones  where  the  creep  rate  is 
large,  stresses  fall,  while  in  cooler  zones  they  will  rise,  so  that  the 
nonuniform  stress  distribution  compensates  for  the  difference  in  creep 
rates  produced  by  nonuniform  heating.  Temperature  stresses,  being  in¬ 
ternally  conmensated,  decrease  throughout  the  volume  of  the  body  and 
with  time  tend  to  vanish  completely  (Fig.  2). In  creep  calculations  un¬ 
der  conditions  of  nonuniform  heating  (B.F.  Shorr)  the  following  quanti¬ 
ty  is  used  as  the  fundamental  creep-rate  parameter:  1 1. -/t. 

Then  «,-J,/ti)rfTi  depends  essentially  not  only  on  the  values  of  o  and 

0 

t°  at  a  given  time,  but  also  on  the  "history”  of  variation  in  o  and  t* 
with  time,  as  reflected  by  the  strengthening  function:  a)  in  the  absence 
of  strengthening,  vp  will  depend  solely  on  the  instantaneous  values  of 
o  and  t°;  at  t®  =  const  and  o  =  const,  we  have  steady  creep;  b)  for  un¬ 
limited  strengthening,  vp  will  drop,  tending  toward  zero;  c)  with  lim¬ 
ited  strengthening,  terminating  after  some  value  of  strain  accumulation 
has  been  reached,  the  magnitude  of  accumulated  creep  deformation  £  is 
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Pig.  2.  Distribution  of  temperature  (a)  and  stresses  (b  and  c)  over  a 
thickness  of  nonunlformly  heated  rod  in  tension  for  various  creep  times: 
b)  neglecting  thermal  stresses;  c)  with  allowance  for  thermal  stresses; 
the  numbers  on  the  right  indicate  the  time  in  hours  (B.F.  Shorr). 

l)  o  kg/mm*\ 

calculated,  regardless  of  the  sign  of  the  creep  rate,  from  the  formula 

t 

!  'T«  ,  where  the  vertical  bars  indicate  the  absolute  value  of 

vp(ti).  Thus  £  always  increases  with  time  and  is  the  fundamental  char¬ 
acteristic  of  the  loading  "history.”  If  the  sign  of  vp  does  not  change 
with  time,  then  je  j  -  p. 

References:  Kachanov,  L.M..  Teoriya  polr.uchesti  [Theory  of  Creep], 
Moscow,  i960;  Kishchkin,  S.T.,  Polyak,  E.V. ,  in  the  book,  Issledovaniya 
po  zharcprochnym  splavam  [Investigations  of  Higli -Temperature  Alloys], 
Vol.  7,  Moscow,  1961;  Odnig,  l.A.  et  al.,  Teor.ya  poli.uchesti  1  dliteU 
noy  prochnosti  metallov  [Theory  of  Creep  and  Rupture  Strength  of  Metals] 
Moscow,  1959;  Zharoprociinyye  splavy  pri  ismenyayushchikhsya  temperatur- 
akh  i  napryazheniyakh  [  High -Tempi  raturi.-  Alloys  Under  Varying  Tempera¬ 
tures  and  Stresses],  collection  >f  articles,  Moscow-Leningrad,  I960; 
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Shorr,  B.F.,  in  the  book:  Prochnost*  i  deformatsiya  v  neravnomernykh 
temperaturnykh  polyakh  [Strength  and  Deformation  in  Nonuniform  Tempera¬ 
ture  Fields] ,  Sb.  nauchnykh  rabot  [Collection  of  Scientific  Papers], 
Moscow,  1962. 
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CREEPING  TEST  —  is  the  test  of  preponderantly  heatproof  metals  and 
alloys  at  high  temperatures,  in  which  the  specimen  is  exposed  to  the 
action  of  a  constant  load  at  constant  high  temperature  for  a  certain 
time.  The  monoaxial  stretching  is  the  main  method  of  loading  in  the 
creeping  test.  Other  kinds  of  load  (bending,  torsion)  are  rarely  used. 
Hie  deformation  of  the  specimen  is  recorded  (with  an  accuracy  of  not 
less  than  0.002  mm)  during  the  creeping  test.  The  results  of  the  tests 
of  a  series  of  specimens  at  a  given  temperature  and  at  diverse  stresses 
are  designed  in  the  form  of  so-called  primary  creeping  curves  in  "time 
v. s.  relative  elongation"  coordinates,  after  which  the  conditional  creep 
limit,  i.e.,  the  stress  is  determined  which  causes  a  fixed  (summary  or 
residual)  elongation  of  the  specimen  or  a  fixed  creeping  rate  <'*.'/»  on 
the  linear  section  (ab  in  Fig.  1)  of  the  -reeping  curve  within  a  fixed 

test  time  and  at  the  given  temperatur  e.  The  creeping  limit  is  denote  r 

Poo 

by  the  character  a  with  numerals  (  q  *'or  eX3JnPl°»  the  creep 

limit  with  an  allowance  for  a  0. 2%  deformation  within  a  100  hrs  test  at 
800°;  c^io--5  creeP  liroit  at  a  creep  rate  of  2*  10—Jl  #/hr  at 

600°).  Graphs  of  the  elongation  (or  the  mean  creeping  rate)  as  a  func¬ 
tion  of  the  stress  are  designed  (usually  in  logarithmic  coordinates)  on 
the  base  of  the  primary  curves  in  order  to  determine  the  creep  limit. 

Hie  unknown  creep  limit  is  found  from  these  graphs  by  means  of  inter¬ 
polation.  Hie  methods  of  the  creep  tost  and  also  the  principal  require¬ 
ments  of  the  device  are  standardized  by  GOST  3248-60.  Cieeping  tests 
are  generally  very  laborious  and  protracted  (up  to  8000-10,000  hrs)  and 

are  carried  out  cn  tens  or  hundreds  of  simultaneously  acting  devices. 
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The  scheme  of  one  section  of  a  four- section  device  of  the  IP-4  type  (a 
construction  of  the  TsNIITMASh)  for  creep  tests  is  shown  in  Pig.  2.  The 

constant  stress  in  the  specimen  is  established  by  the 
weight  of  interchangeable  loads  suspended  on  a  lever. 
The  machine  is  provided  with  an  electric  furnace  and  a 
dilatometric  temperature  controller.  The  temperature 
of  the  specimen  is  controlled  by  thermocouples  and 
continuously  recorded  by  recorders.  The  deformation 
is  measured  (with  an  exactness  up  to  0.002  mm)  by  a  strain-gauge  lever- 
apparatus  with  two  indicators.  Cathetometers  are  used  for  the  measure- 
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Fig.  1.  Creep 
curves.  1) 
hours. 


Pig.  2.  Device  for  the  creeping  test:  1)  Specimen  to  be  tested;  2)  in¬ 
terchangeable  weights;  3)  lever;  4)  electric  furnace;  5)  temperature 
controller;  6)  and  7)  indicators. 


ment  of  the  deformations  when  tests  are  carried  out  at  temperatures 
higher  than  1000-1100*.  The  creep  during  some  seconds  or  minutes  is  of 
special  importance  in  certain  cases  of  the  practice.  Current -heating  or 

direct  heating  of  the  specimen  or  of  the  muffle  which  contains  the  spec- 
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imen  is  usually  used  in  these  cases  to  obtain  the  creep  curve.  Devices 
are  used  which  pe.rmit  tne  simultaneous  creep  (or  long-life)  test  of  a 
number  of  specimens  placed  in  the  working  space  of  one  furnace.  The  "re¬ 
laxation'  method  of  the  creep  test,  in  which  the  deformation  of  the 
specimen  remains  constant  and  the  stress  decreases  (relaxes)  is  also 
used.  The  creep  of  the  material  is  evaluated  in  this  case  by  the  degree 
of  the  stress  -elaxation. 

References:  Borzdyka  A.M. ,  Metody  goryachikh  mekhanicneskikh  ispy- 
taniy  raetallov  [The  Methods  of  Hot  Mechanical  Tests  of  Metals],  Moscow, 
1955- 

I.V.  Kudryavtsev,  D.  M.  Shur 
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In  thit  mit,.  rand  "Ion (-Inna"  (or  "traop  ” 

CREEP  STRENGTH  -  resistance  to  failure  due  to  prolonged  effect  cf 
a  static  load  and  high  temperature.  It  is  usually  characterized  by  the 
ultimate  creep  strength,  i.e. ,  the  stress  which  produces  failure  of  the 
specimen  fcr  the  given  time  under  load.  It  is  denoted  by  the  letter 
with  two  indices,  the  superscript  indicatir^  the  test  temperature, 
and  the  subscript  the  test  duration.  Depending  on  the  service  life  of 
the  component,  the  ultimate  creep  strength  may  be  determined  by  a  time 
from  several  seconds  and  minutes  (certain  types  of  rockets)  to  tens 
and  even  hundreds  of  thousands  of  hours  (stationary  thermal  power  in¬ 
stallations,  civil  aviation,  etc.).  The  creep  strength  tests  are  usual¬ 
ly  tensile.  Their  results  are  used  to  construct  a  creep  strength  dia¬ 
gram  in  the  coordinates  (a,  lg<r)  (Pig.  1)  or  (lgo,  lgr). 


p 

Fig.  1.  Creep  strength  curve  of  the  ZhS6-K  alloy  at  800°.  l)  a,  kg/ram  . 

The  creep  strengh  of  a  material  depends  highly  on  the  temperature 
and  on  the  load  duration.  The  time  dependence  of  the  strength  is  pecu¬ 
liar  of  all  materials,  but  it  is  exhibited  at  different  temperatures. 
For  example,  the  time  dependence  of  the  creep  strength  of  structural 
steels  is  observed  primarily  at  elevated  temperatures,  while  for  phos¬ 
phorus  bronze  and  aluminum  it  was  established  experimentally  that  the 
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breakdown  stress  is  reduced  with  an  Increase  in  the  time  during  which 
the  load  acts  even  at  20°. 

The  reduction  in  the  creep  strength  with  time  is  regarded  as  a 
process  of  formation  and  gradual  development  of  cracks,  which  is  based 
on  various  physical  phenomena:  a)  thermal  motion  of  atoms  or  molecules 
of  the  solid  body;  b)  stress  concentration  at  the  junction  of  grains 
which  is  brought  about  by  relaxation  of  the  tangential  stresses  along 
that  grain  boundary  where  plastic  slip  took  place;  c)  the  formation  of 
vacancies  and  their  subsequent  coagulation,  which  is  due  to  the  dislo¬ 
cation  motion;  d)  structural  changes  (coagulation  or  dissolution  of 
phases,  oxidation,  etc. ).  As  the  temperature  is  increased,  the  harmful 
effect  of  oxidation,  particularly  alor^  the  grain  boundaries  is  made 
more  strongly  apparent.  The  reduction  in  therupture  strength  at  high 
temperature  with  an  increased  loading  duration  is  not  uniquelly  rela¬ 
ted  to  the  time-related  variation  in  the  resistance  characteristics 
of  plastic  deformation,  i.e. ,  the  ultimate  strength  or  hardness;  the 
latter  can  increase  monotonlcally  if  the  test  temperature  is  apprecia¬ 
bly  below  the  aging  temperature;  can  decrease  continuously  if  the  test 
temperature  is  higher  than  the  aging  temperature;  first  increase  and 
then  decrease,  if  the  test  temperature  differs  little  from  the  aging 
temperature  (Pig.  2). 

The  relationship  between  the  creep  strength  and  the  time  to  failure 
is  quite  well  described  by  the  relationship  t  where  A  and  a  are 

constants  of  the  material  at  the  given  test  temperature.  In  many  cases 
the  time  dependence  of  the  creep  strength  in  the  (a,  lgx)  coordinates 
is  a  straight  line.  Sometimes,  particularly  for  materials  which  under¬ 
go  phase  transformations  at  the  operating  temperature,  the  shape  of  the 
creep  strength  curve  differs  substantially  from  a  straight  line.  The 

deviation  from  recti linearity  for  a  given  material  depends  on  the  test 
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temperature,  duration  of  load  application,  presence  of  stress  raisers, 
etc.  Hence  graphical  extrapolation  of  creep  strength  curves  for  loads 
applied  over  a  long  period  of  time  should  be  used  with  extreme  care. 
This  is  particularly  true  with  respect  to  the  creep  strength  in  the 
(lga,  lgt)  coordinates,  where  an  inflection  in  the  curve  is  observed 
more  frequently.  Several  approximate  equations  were  proposed  for  esti¬ 
mating  the  temperature  dependence  of  creep  strength.  The  Stanyukovich 
equation  lga  «=  B  +  K(l)/(T),  where  B  and  K  are  constants  of  the  mater¬ 
ial  for  the  given  test  duration,  the  Larson-Miller  equation:  T1(C  + 

+  IgTg),  where  C  is  a  constant  coefficient  equal,  according  to  Larson, 
20,  etc.  Experimental  checks  have  revealed  that  the  constant  coeffi¬ 
cients  of  the  suggested  equations  are  a  function  of  the  temperature, 
stress  level  and  the  kind  of  material.  Hence  they  can  be  used  only  with 
a  degree  of  caution,  primarily  for  interpolation  within  a  previously 
studied  temperature  interval  and  also  for  a  close  interpolation  with 
respect  to  temperature  (for  steelsby  50-100°)  and  to  time. 

Of  decisive  significance  in  the  determination  of  theoretical  ul¬ 
timate  creep  strength  is  the  lower  boundary  of  the  scattering  region, 
which  is  obtained  in  testing  specimens  of  metal  from  different  heats. 
The  extreme  values  of  the  scattering  region  can  differ  perceptibly  from 
the  average  curve,  e.g. ,  by  10-15#  In  prolonged  testing  for  100  hours 
for  aluminum  alloys,  by  20-25#  for  prolonged  testing  of  structural 
steel  for  5-10  thousand  hours. 

Failure  due  to  prolonged  application  of  a  static  load  and  high 
temperature  can  propagate  along  grain  boundaries,  along  the  grain  body 
as  well  as  be  mixed.  The  character  of  failure  depends  on  the  test  tem¬ 
perature,  stress  lerel  and  kind  of  the  stressed  state.  The  higher  the 
test  temperature  and  the  lower  the  stress  which  is  acting,  the  higher 

the  probability  of  failure  along  grain  boundaries.  Of  great  importance 
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for  Increasing  the  creep  strength  is  the  stability  of  the  solid  solu¬ 
tions  and  the  strengthening  phases,  which  ensures  slow  progress  of  dif¬ 
fusion  processes  at  high  temperatures.  In  nickel  alloys  molybdenum, 
tungsten,  cobalt  and  chrome  have  a  positive  effect  on  the  solid  solu¬ 
tion,  boron  in  small  amounts  (0.01-0.02#)  retards  the  diffusion  along 
grain  boundaries;  the  strengthening  phases  usually  are  Ni^Al  or  Ni^(Al, 
Tl).  Under  intergranular  failure  conditions  it  is  very  Important  that 
strengthening  phases,  which  interfere  with  the  propagation  of  the 
crack,  be  situated  at  grain  boundaries.  Cast  alloys  have  a  certain  ad¬ 
vantage  with  respect  to  creep  strength,  since  usually  many  carbides 
and  intermetallides  are  contained  at  their  grain  boundaries,  which  is 
not  permissible  in  shaping  alloys  due  to  difficulties  which  arise  in 
pressworking.  The  creep  strength  depends  on  the  grain  size,  usually 
being  lower  for  coarsely -grained  structures;  the  optimum  grain  size  for 
nickel  alloys  is  size  2-3  grain  on  the  standard  scale.  Variability  in 
the  grain  structure  reduces  the  creep  strength. 

The  effect  of  workhardening  on  the  creep  strength  depends  on  the 
degree  of  workhardening,  test  temperature  and  the  stress  level.  The 
detrimental  effect  of  workhardening  is  due  to  the  fact  that  it  makes 
easier  diffusion  processes  which  result  in  embrittlement  of  the  alloy, 
brings  about  reset  and  recrystallization  phenomena  and  makes  tne  struc¬ 
ture  unstable.  Hence  workhardening  can  be  found  useful  only  at  temper¬ 
atures  which  are  moderate  for  the  given  alloy,  and  at  high  temperatures 
it  is  beneficial  only  for  loads  of  short  duration.  It  has  been  estab¬ 
lished  that  a  positive  Influence  is  had  by  moderate  (2-5#)  degrees  of 
compression  in  the  quenched  state  on  the  100-hour  creep  strength  of 
3heets  from  the  Dl6  alloy  at  175-200°,  at  250°  workhardening  no  longer 
results  in  increasing  the  creep  strength,  and  at  300°  It  reduces  it 
perceptibly.  Workhardening  by  elongation  of  up  to  10#  of  the  quenched 
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and  aged  KhN77TyuR  (EI437B)  alloy  reduces  the  ultimate  100-hour  creep 
strength  at  a  temperature  of  700°  by  a  factor  of  2.  Data  are  available 
according  to  which  moderate  (10-20#)  compression  on  cold  rolling  (af¬ 
ter  quanching)  of  the  No.  25  cobalt-base  heat  resistant  Haynes  alloy  in¬ 
creases  substantially  its  service  life  at  temperatures  of  815-980°. 

The  creep  strength  can  be  improved  by  combined  mechanical  and  heat 
treatment.  Combination  of  stamping  and  air  quenching  (stamping  from 
the  quenching  temperature)  with  subsequent  aging  Increases  the  creep 
strength  by  10-15#  (Table  l). 

The  creep  strength  depends  on  the  kind  of  the  stressed  state.  It 
is  known  from  experience  that  in  order  to  retain  a  high  creep  strength 


Pig.  2.  Change  in  hardness  or  strength  at  200°  after  prolonged  aging  at 
a  high  temperature  (l,  2.  3)  and  of  the  ultimate  creep  strength  (4)  at 
the  same  temperature).  A)  Stress;  B)  creep;  C)  time. 

TABLE  1 

Effect  of  Combined  Heat  and  Mechanical 
Treatment  on  the  Creep  Strength  of  Cer¬ 
tain  Alloys 
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l)  Temperature  (°C);  2)  kind  of  processing:  3)  ultimate  creep  strength 
°100;  5)  standard  heat  treatment;  6)  combined  mechanical  and 

heat  treatment. 
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in  the  two-dimensional  stressed  state  (for  example,  gas  turbine  disks) 
the  safety  factor  for  the  material's  plasticity  should  be  higher  than 
for  operation  under  a  one -dimensional  stressed  state. 

The  notch  sensitivity  for  prolonged  static  loads  at  high  tempera¬ 
tures  is  evaluated  by  the  notch  sensitivity  index  (KDN),  which  is 
equal  to  the  ratio  of  the  ultimate  creep  strength  of  the  notched  speci¬ 
men  to  the  ultimate  creep  strength  of  a  smooth  specimen.  It  depends  on 
the  structure  of  the  alloy,  the  notch  shape,  test  temperature  and  dura¬ 
tion  of  load  application.  The  EI437  alloy,  steels  4Khl2N8o3MFB  (El48l), 
20Kh3MVF  (E1415)  with  a  Brinell  hardness  of  d  =  3.5-3.  7  mm  are  not 

otp 

sensitive  to  notching  under  a  prolonged  (100  hours)  load  at  600-700°, 
and  when  their  nardnes3  is  higher  (dQt  =  3.2-3. 3  mm)  they  exhibit  a 
perceptible  notch  sensitivity  at  these  temperatures  (KDN  -  0.75).  Usual¬ 
ly  notch  sensitivity  is  manifested  in  those  cases  when  the  alloy  be¬ 
comes  embrittled  in  prolonged  testing.  It  was  established  that  heat 
resistant  shaping  alloys,  as  a  mile,  are  notch  sensitive  with  attendant 
prolonged  plasticity  (which  is  evaluated  on  the  basis  of  reduction  in 
the  croas  sectional  area  of  a  specimen  which  failed  after  a  100  hour 
test)  of  ^100  <  5%,  while  cast  alloys  are  notch  sensitive  at  ^qq  < 

<  2%.  In  the  absence  of  embrittling  processes,  even  a  quite  substantial 
stress  concentration  (a^  *  3« 5-4. 0),  does  not  produce  a  reduction  in 
the  creep  strength  (Table  2).  The  method  by  which  the  notch  is  made  is 
of  importance,  e.g. ,  a  notch  (a  »  3*75)  made  by  a  grinding  wheel  on  a 
thread -grinding  machine  does  not  reduce  the  creep  strength  of  KhN70VMIYu 
(Et6l7)  and  KhN77TYuR  alloys  at  700;  under  similar  conditions,  when 
the  notch  is  made  by  a  shaping  cutter,  KDN  «  0.7-0.75.  which,  apparently 
is  due  to  workhardening  of  the  surface  layer  in  the  notch. 

The  creep  strength  depends  highly  on  the  state  of  the  surface.  It 
is  sharply  reduced  in  the  presence  of  grinding  cracks  and  burn-ons,  af- 


1092 


1-11006 


j* 


) 


TABLE  2 

Ultimate  Creep  Strengths 
(for  100  hours)  of  Speci¬ 
mens  of  Heat  Resistant 
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l)  Alloy;  2)  temperature  (°C);  3)  o1Q0  (kg/nm2);  4)  KDN;  5)  smooth 

speclmera;  6)  notched  specimens;  7)  shaping  alloys;  12)  ANB-300;  13) 
ZhS6;  14)  ZhS6-K;  15)  molybdenum  with  a  thermodiffusion  coating. 

TABLE  3 

Creep  Strength  at  800° 
of  the  KhN70VMtYu  (EI617) 
and  ZhS6-K  Alloys 
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1)  Alloy;  2)  acting  stress,  o^kg/nm  );  3)  time  to  failure  (in  hours) 
for  various  loading  regimes:;  4)  min;  5)  KhN70VKIYu  (ei6l7);  6)  ZhS6-K. 
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ter  such  machining  regimes  under  which  substantial  residual  tensile- 
stresses  arise  at  the  surface  (for  example,  in  blades  for  unfavorable 

p 

machining  conditions  they  can  be  as  high  as  50-60  kg/mm  ). 

The  creep  strength  depends  on  the  medium.  On  contact  with  low- 
melting  -temperature  metals  and  alloys  such  as  sodium,  bismuth,  lead- 
bismuth,  lead-tin,  etc. ,  the  creep  strength  is  sharply  reduced;  for 
example,  the  100-hour  creep  strength  of  the  KhN77TYu  (EI437A)  alloy 
at  700*  is  reduced  from  40  kg/mm  in  an  air  atmosphere  to  7  kg/mm  on 
contact  with  a  liquid  lead-bismuth  eutectic  alloy. 

Under  conditions  of  nonstationary  heating  and  loading  the  creep 
strength  of  alloys  changes;  here  the  character  of  the  change  depends 
on  the  features  of  the  alloy,  the  level  of  the  acting  temperatures  and 
stresses,  and  the  load  duration,  so  that  in  the  general  case  a  periodi¬ 
cally  varying  load  (temperature)  cannot  be  replaced  by  an  average 
constant  load  (temperature).  Nonstationary  loading  or  heating  condi¬ 
tions  can  also  change  the  relative  estimate  of  the  creep  strength  of 
materials  (Table  3)-  Approximate  formulas  are  available  for  estimating 
the  time  to  failure  under  nonstationary  stress  and  temperature  regimes, 
which  are  based  on  the  principle  of  adding  the  relative  service  times 
and  contain  various  parameters  which  estimate  the  deviation  from  the 
simple  linear  summation  law. 

References:  Kishkin,  S.T. ,  "DAN  SSSR,"  Vol.  54,  No.  4,  1954;  Oding, 
I. A.  [et.  al.  ],  Teoriya  polzuchesti  1  dlltel'noy  prochnosti  metailov 
[Theory  of  Creep  and  Creep  Strength  of  Metals),  Moscow,  1959;  Umanskiy, 
Ya.S.  [et  al. ],  Pizicheskiye  osnovy  metallovedeniya  [Physical  Princi¬ 
ples  of  Metal  Science],  2nd  Edition,  Moscow,  1955;  Zharoprcchnyye 
splavy  pri  lzmenyayushchikhsya  temperaturakh  i  napryzhenlyakh  [Heat 
Resistant  Alloys  Under  Variable  Temperatures  and  Stresses],  Collection 
of  articles,  Moscow-Leningrad,  i960. 

S.I.  Kishkina-Ratner 
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CRITICAL  BRITTLENESS  TEMPERATURE  is  the  test  temperature  below 
which  the  cold-short  materials:  Fe-a,  Cr,  Mo,  W,  Mb  and  many  alloys 
based  on  them  transition  from  the  plastic  into  the  brittle  condition. 

In  view  of  the  fact  that  this  transition  in  many  cases  takes  place 
gradually,  the  critical  brittleness  temperature  is  often  determined  ar¬ 
bitrarily  (for  example,  as  the  test  temperature  at  which  one  Impact 
strength  is  reduced  to  50*  of  the  initial  value,  or  at  which  more  than 
50*  of  the  area  of  the  entire  fracture  becomes  crystalline).  The  criti¬ 
cal  brittleness  temperature  is  most  often  determined  under  dynamic  cr 
static  bending,  however,  it  is  possible  to  determine  it  in  tension, 
torsion,  etc.  The  critical  brittleness  temperature  usuclly  increases 
(i.e.,  the  brittleness  Increases)  with  an  increase  of  the  ratio  of  the 
tensile  stresses  to  the  shearing  stresses,  for  example,  with  transition 
from  torsion  to  bending,  with  the  presence  of  hard  and  brittle  surface 
layers,  with  Increase  of  the  absolute  dimensions  of  the  specimen,  with 
increase  of  the  test  rate,  with  increase  of  the  notch  sharpness,  with 
enlargement  of  the  grain,  as  a  result  of  corrosion,  etc. 


Ya.B.  Fridman 
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CRITICAL  STRESS  is  the  ratio  of  the  critical  force  at  which  a 
compressed  column  loses  the  stability  of  its  rectilinear  form  to  the 
cross-sectional  area  of  the  column.  It  is  denoted  by  o^.  For  a  compress¬ 
ed  column  with  pin  restrained  ends,  the  critical  stress  is  defined  by 
the  Euler  formula:  =  mE/X,  where  E  is  the  normal  modulus  of  elasti¬ 

city,  X  is  the  flexibility.  The  magnitude  of  the  critical  stress  de¬ 
pends  on  the  column  end  fixity  conditions:  for  a  column  with  both  ends 
clamped  It  will  be  four  times  greater,  and  for  a  column  with  one  end 
clamped  and  the  other  end  free  it  will  be  four  times  less  than  for  the 
column  with  pinned  ends.  The  Euler  formula  can  be  used  to  determine  the 
critical  stress  if  it  is  not  greater  than  the  proportional  limit  of  the 
material,  i.e.,  for  relatively  large  values  of  X.  The  critical  stress 
at  failure  of  short  compressed  columns  X  <  30-40  is  approximately  equal 
to  the  compression  yield  limit. 

Reference:  Belyayev  N.M. ,  Soprotivlenlye  materialov  [Resistance  of 
Materials],  12th  ed.  ,  M. ,  1959- 

S.  I.  Klshklna-Ratner 
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CROMANSIL  -  is  a  medium-alloy  structural  steel  containing  chrom¬ 
ium,  manganese,  silicon  (about  1 %  of  each  element).  Depending  on  the 
carbon  content,  Cromansil  is  produced  in  the  grades  25KhGS,  30KgGS,  and 
35KhGS  (see  Heat-treatable  medium-alloy  structural  steel).  A  castable 
variety  also  exists,  the  35KgGSA  steel.  The  25KhG  and  30KhGS  steels 
are  widely  used  in  different  machine-building  Industries  for  the  manu¬ 
facture  of  various  weldable  and  machinable  parts.  Rods,  strips,  forged 
pieces,  profiles,  hot-  and  cold-rolled  sheets,  hot-rolled  and  cold- 
drawn  pipes,  and  wires  are  made  from  30KhGSA  steel.  The  ultimate 
strength  of  the  25KhGSA  and  30KhGSA  steels  is  110-  13C  kg/mm''.  This 
strength  is  attainable  by  hardening  and  tempering.  A  series  of  new  Crc- 
mansil-base  steel  grades,  including  the  widely  used  high-strength  steel 
30KhGSNA  was  developed  '  •  additional  alloying  (see  High-strength  struc¬ 
tural  steel). 

Ya.M.  Potak 


1098 


I-37I 


CRUMPLING  TEST  -  is  a  test  for  the  evaluation  of  the  strength  under 
conditions  In  which  the  load  is  transmitted  from  the  one  part  of  the 
other  through  the  surface  on  which  these  parts  touch  each  other,  through 
the  contact  surface  of  a  rivet  hole  and  a  rivet,  a  lug  and  a  bolt,  for 
example.  The  crumpling  strength  depends  not  only  on  the  properties  of 
the  material  but  also  on  the  size  and  shape  of  the  mounting,  on  the 
ratio  d/y  (Fig.  1)  in  a  bolt  or  rivet  joint,  for  example,  on  the  thick¬ 
ness  of  the  connecting  pieces,  on  the  number  of  bolts  (or  rivets) 
placed  along  the  direction  of  the  force.  The  lug  has  a  constant  strength 
in  its  cross  section  at  jr  >  3-3. 5d,  and  x  >  1.5-2d.  The  size  of  the 
specimens  for  the  crumpling  test  is  selected  taking  into  account  these 
relationships. 

The  crumpling  stresses  are  not  uniformly  distributed  in  bolt  and 
rivet  joints  owing  to  the  presence  of  holes  and  of  the  action  of  the 
bolt  or  the  rivet.  This  nonuniforaity  is  not  taken  into  account  when 
such  crumpling  characteristics  as  the  nominal  values  of  the  modulus  of 
elasticity,  the  proportional  and  yield  limits,  and  the  crumpling 
strength  are  to  be  determined. 

The  crumpling  stress  is  calculated  according  to  the  formula  aCM=£o< 

*CM 

2 

kg/mm  ,  where  P  is  the  crumpling  load  in  kg  corresponding  to  a  given 

Sul 

degree  of  deformation  or  the  destruction:  Fom  is  the  projection  of  the 

Sul 

? 

crumpling  area,  in  mm  .  F  =  d* a  is  valid  for  bolt  or  rivet  joints, 
where  d  is  the  diameter  of  the  hole  to  be  crumpled,  and  a  is  the  thick¬ 
ness  of  the  sheet,  the  plate  or  the  lug. 

One  of  the  most  widespread  devices  for  the  crumpling  test  (Pig.  2) 
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consists  in  two  jaws,  hardened  up  to  55-60  RC,  with  two  holes  placed 
along  the  axis  in  each.  Interchangeable  spacers  of  a  thickness,  chosen 
in  accordance  to  the  thickness  of  the  material  to  be  tested,  are  placed 
between  the  jaws.  Polished  rolls  (RC  =  55-60)  are  set  into  the  holes  of 
the  jaws  to  transmit  the  force  to  the  surface  of  two  specimens  tested 
simultaneously.  A  certain  gap  is  provided  by  means  of  adjusting  spacers 
in  order  to  avoid  friction  between  the  jaws  and  the  specimens;  the 
spacers  are  removed  after  an  insignificant  preliminary  load  is  given. 
Strain-gauges  are  used  to  determine  the  modulus  of  elasticity  and  the 
proportional  and  yields  limits;  the  strain-gauge  is  placed  as  shown  in 
Pig.  2,  when  the  sum  of  the  both  hole  diameters,  in  which  the  crumpling 
occurs,  is  taken  as  a  gauge  basis.  An  average  crumpling  strength  is  de¬ 
termined  in  this  case,  it  is  important,  therefore,  to  assort  specimens 
which  differ  unimportantly  in  their  dimensions  (d,  a,  x)«  The  deter¬ 
mination  of  the  nominal  modulus  of  elasticity,  and  of  the  proportional 
and  yield  limits  is  carried  out  in  the  crumpling  test  in  the  same  man¬ 
ner  as  In  the  tensile  test  according  to  GOST  1497-61.  Industrial  stand¬ 
ards  exist  for  the  crumpling  test.  The  nominal  moduli  of  elasticity 
amount  generally  to  0.3-0. 4  of  the  modulus  of  elasticity  of  the  tensile 
test  (Table).  The  yield  limit  is  for  the  most  metals  higher  in  crumpling 
than  in  stretching,  it  is  lower  than  in  stretching  for  magnesium  alloys, 
but  higher  than  in  compression. 


Fig.  1.  Effect  of  the  d/y  ratio  on  the  magnitude  of  the  ultimate  stress 
in  crumpling.  1)  o  ,  kg/mm2, 
in  sm 
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Fig.  2.  Device  for  the  crumpling  test:  1)  Jaw ;  2)  roll;  3)  cover  plate; 
4)  specimen;  5)  base  of  the  strain-gauge. 


TABLE 

Comparison  of  the  Moduli  of  Elasti¬ 
city  and  the  Yield  Limits  of  Sheet 
Materials  in  Crumpling,  Stretching, 
and  Compression 


Coni* 

Moayjw  ynpyrocra 

2  B  (xi  mm')  npn 

npeatau  Texysecrii 
^  a,,,  (xtiMM*)  np»: 

CMH- 

TMH 

pfiCTH- 

cma- 

5tbh 

CMft- 

6™* 

PtCTfl- 

flps'CHHH 

cwa- 

tbh6 

flieAT  .... 

2900 

6  900 

7  100 

30 

SI 

32 

BB6AT  .... 

2800 

a  700 

8  900 

04 

48 

47 

MAS  ..... 

1000 

4 100 

4  200 

14 

16 

11 

BT6-1  .... 

8600 

10  000 

10  800 

90 

89 

70 

1)  Alloy:  2)  modulus  of  elasticity 
E  (kg/mm2)  at::  3)  yield  limit  00,2 
Xkg/mm2)  at:;  4)  crumpling;  5) 
stretching;  6)  compression;  7)  D16AT; 
8)  V95AT;  9)  MA8;  10)  VT5-1. 


Anisotropic  materials  are  tested  by  crumpling  in  diverse  direc¬ 
tions.  In  glass-textolites,  for  example,  the  crumpling  strength  is  low¬ 
er  (especially  at  raised  temperature)  at  an  angle  of  45°  to  the  symme¬ 
try  axis  of  the  elasticity,  than  along  the  filling  and  the  warp. 

References:  Danilov  Yu. S. ,  Galimurza  A. G. ,  "Zavodskaya  laborator- 
iya, "  1954,  Vol.  20,  No.  5. 

S.  I.  Kishkina-Ratner 
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CRUSHER  GAGE  is  a  plastic  dynamically  compressible  small  cylinder 
for  the  measurement  of  impact  forces  from  the  value  of  the  upset.  The 
crusher  gage  is  first  calibrated  {preferably  by  impact  loads  of  gradu¬ 
ally  increasing  intensity  rather  than  by  static  loads)  to  establish  the 
relation  between  the  forces  and  the  upset.  In  spite  of  the  approximate 
nature,  the  crusher  gage  method,  in  view  of  its  simplicity  with  impact 
rates  which  are  not  too  high,  finds  application  along  with  the  more 
precise  and  modern  methods. 

Ya.B.  Fridman 
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CRYSTALLINE  CERAMICS  are  synthetic  engineering  stones  obtained  by 
the  synthesis  of  the  crystalline  and  vitriforra  phases.  In  accordance 
with  their  purpose,  the  crystalline  ceramics  are  marked  by  differenti¬ 
ated  physical  properties  which  are  determined  by  the  selection,  prepar¬ 
ation  and  quantitative  relations  of  the  crystalline  and  vitrlform 
phases  (figure)  and  also  by  the  regime  of  their  synthesis.  Crystallo- 
ceramics  as  a  method  of  obtaining  new  ceramic  materials  has  been  devel¬ 
oped  in  the  Soviet  Union  by  I. I.  Kitaygorodskiy  since  19^3* 


Relationship  of  phases  in  ceramic  materials:  l)  Microlite;  2)  high  re¬ 
fractory;  3)  refractory;  4)  glazed  pottery;  5)  porcelain;  6)  bone  por¬ 
celain;  7)  bone  glass;  8)  opal  glass;  9)  milk  glass;  10)  glass.  A)  Vi- 
triform  phase;  bj  crystalline  phase. 

Characteristics  of  the  crystalline  ceramics  are:  l)  constancy  of 
the  phase  composition  of  the  material,  i.e.,  unchanged  qualitative  and 
quantitative  relationships  of  the  crystalline  and  vitrlform  phases;  2) 
minimal  content  in  the  material  of  the  vitrlform  phase,  which  performs 
a  cementing  function.  The  crystalline  phase  can  be  pure  oxides,  synthe¬ 
tic  silicates,  aluminosilicates  and  other  salts,  rock  and  non-ore  min¬ 
erals,  carbides,  nitrides,  slags  from  metallugical  production  and  other 
materials.  To  obtain  the  vitrlform  phase  use  is  made  of  glasses  of  vary¬ 
ing  composition  or  certain  oxides  which  from  their  properties  must  cor¬ 
respond  to  the  purpose  of  the  crystalline  ceramic  being  prepared,  can 
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serve  as  a  good  cementing  component  for  the  crystalline  phase,  and  also 
will  have  an  effect  in  the  synthesis  process  on  the  grain  size,  the 
grain  habit,  and  the  surface  properties  of  the  Individual  crystallites, 
i.e.,  on  the  structure,  and  consequently  on  the  quality  of  the  material. 
Prom  the  same  crystalline  phase  we  can  obtain  crystalline  ceramics  with 
varied  properties  by  using  different  quantities  of  glass  cements  of 
differing  composition  for  by  using  different  amounts  of  the  same  glass 
cement.  Tables  1  and  2  show  the  variation  of  the  ultimate  bending 
strength  of  crystalline  ceramic  calcined  at  1620°  as  a  function  of  the 
nature  of  the  glass  and  its  quantity  (crystalline  phase  calcined  at 
1450°  and  ground  by  alumina). 

Table  3  presents  the  effect  of  glass  on  the  chemical  resistance  of 
a  corundum  material. 


TABLE  1 


Ctck.io,  iM'iauMor  ii  nacry 
(■  Ka.ii*<Mcrae  IS) 

I!  i 

lipoHH'-CTU 

npw  mritfe 

(M  .HM>) 

p 

UwcfiKorniiHoaeiincTtie  3 . 

39.0 

OciioMioe  ....  . 

37.4 

c,  > . 

at  .o 

3C-3K  -t>  .< . 

30.2 

GJl-I  .  .7 .  . . 

28.3 

1)  Glass  introduced  into 
the  mass  (in  amount  of  l£); 

2)  high  alumina;  3)  bend¬ 
ing  ultimate  strength 
(kg/rara2);  4)  basic;  5) 
neutral;  6)  3S-5K;  7)  BD-1 

TABLE  2 


KamvcT««»  nwraeti- 
wort*  crrwaia  *, 

n;i-t  <%>  1 

Ultfflf.l  lipoHJMCTM 
iipn  mrtiO*  (vz/jmi1) 

1 

2*.  b 

2 

31  .3 

3 

at  .2 

b 

27.3 

10 

23  2 

l)  Quantity  of  BD-1  glass 
introduced  {%);  2)  bending 
ultimate  strength  (kg/mm2) 
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TABLE  3 


XMinn.  ycrnMniMCTk,  % 
norepH  Beet  iiiim  coji’Phmim* 
ere* nu  (aee.  %) 


HCI 

HP  7 

N»OH  -5 

PbO  +  B,0,  —  p»o> 
aan 

N*,CO.— ptCIUltl 
N«,8O,  +  CaS0,  — 
paciuia* 


0.5 

1,0 

0,013 

0,015 

0.14 

0,18 

0,01 

0,011 

0,021 

0.086 

0,25 

0,3 

0.81 

0.8 

1)  Reagent;  2)  chemical 
stability,  #  weight  loss 
with  glass  content  (#); 
3)  melt. 


The  quantity  of  the  vitriform  phase  in  the  crystalline  ceramic 
varies  from  fractions  of  a  percent  (microlite)  to  40#  (electronic  ma¬ 
terials  and  glass  bonded  grinding  wheels).  Crystalline  ceramic  materi¬ 
als  and  glass  bonded  grinding  wheels).  Crystalline  ceramic  materials  of 
three  classes  have  been  obtained:  l)  Crystalline  ceramics  in  which  the 
quantity  of  the  vitriform  phase  amounts  to  5-15#  and  in  certain  cases 
reaches  40#.  This  class  includes  the  electrovacuum  and  high  frequency 
ceramics,  aircraft  spark  plug  insulators,  domestic  refractory  equipment, 
and  also  abrasive  wheels  and  tools;  2)  mineral-ceramic  in  which  the 
amount  of  the  vitriform  phase  does  not  exceed  1#  (ceramic  cutters,  noz¬ 
zles,  draw  plates,  thread  guides,  various  wear-resistant  details);  3) 
mineral -metal -ceramics  in  which  the  crystalline  phase  consists  of  oxide 
compounds  and  metals.  These  materials  are  used  for  the  fabrication  of 


turbine  blades,  drilling  cutters,  protective  metal  coatings. 

References:  Kitaygorodskiy  I. I.,  DAN  SSSR,  1944,  Vol.  42,  No.  9, 
p.  407;  ibid,  1952,  Vol.  90,  No.  2,  p.  225;  -,  KhNIP,  1958,  Vol.  3, 
No.  1,  p.  35* 


Ts.N.  Qurevich 
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CRYSTALLIZATION  OP  ALUMINUM  ALLOYS  IN  AN  AUTOCLAVE  is  a  method  of 
combating  gaseous  porosity  in  molded  castings  developed  by  A. A.  Bochvar 
and  A.G.  Spasskiy.  It  is  based  on  the  fact  that  an  increase  of  the  sur¬ 
rounding  pressure  reduces  sharply  the  rate  of  growth  of  gas  bubbles  in 
the  crystallizing  casting.  Castings  produced  using  this  method  are 
characterized  by  high  density  and  mechanical  properties.  The  casting 
form  prepared  for  pouring  is  introduced  into  a  horizontally  positioned 
autoclave.  After  this  the  autoclave  is  hermetically  sealed  with  a 
cover.  Special  ports  are  provided  in  the  autoclave  above  the  pouring 
funnels  for  pouring  the  metal  into  the  form.  After  pouring  the  metal 
into  the  form  these  ports  are  quickly  closed  and  the  autoclave  is  fill¬ 
ed  with  compressed  air  to  a  pressure  of  4-5  atm.  The  metal  is  held  in 
the  autoclave  until  completion  of  the  crystallization  of  the  casting  and 
until  some  cooling  has  occurred  (30-40  min).  Then  the  form  is  taken  out 
of  the  autoclave.  The  crystallization  of  the  aluminum  alloys  in  an 
autoclave  is  a  very  effective  method  of  combating  gas  porosity  in  mold¬ 
ed  castings.  It  is  widely  used  for  the  casting  of  large-size  details, 
particularly  when  using  the  alloys  based  on  the  Al-Si  system. 

References:  Spasskiy  A.G.  ,  Osnovy  liteynogo  proizvodstva  [Funda¬ 
mentals  of  Casting  Production],  M. ,  1950. 

M.B.  Al'tman 
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CUNIAL  is  an  alloy  of  copper  with  nickel  and  aluminum.  Two  grades 
of  Cunlal  are  produced  in  accordance  with  GOST  492-52;  MNA13-3  (Cunial- 
A)  containing  12. 0-15. 0#  Nl+Co,  2. 3-3.0#  A1  balance  copper,  up  to  1.9# 
Impurities  permitted,  of  that  no  more  than  1.0#  Pe,  0.50#  Mn,  0.002# 

Pb.  MNA6-1.5  (Cunial-B),  containing  5*5-6. 5#  NirCo,  1. 2-1.8#  A1  balance 
copper,  up  to  1.1#  impurities  permitted,  of  that  no  more  than  0.5#  Fe, 
0.20#  Mn  and  0.002#  Pb. 

Cunial  works  well  in  the  cold  and  hot  conditions,  is  capable  of 
dispersion  hardening  with  tempering  at  500-600°  after  hardening  and 
quenching  from  900-1000°. 

Physical-Chemical  and  Engineering  Properties  of  Cunial 

9 

LO 

i)  Alloy;  2)  g/cm2;  3)  kg/mm<';  4)  soft  condition;  5) 
melting  point  (*C,  liquidus);  6)  casting  temperature 
(°C);  7)  hot  working  temperature  (’C);  8)  form  of 
semifabricate;  9)  MNA13-3  (Cunial-A);  10)  MNA6-1.5 
(Cunial-B);  11)  rods;  12)  strips 

In  accordance  with  TsffTY  (Ferrous  Metal  Spec.  )  3443-53  Cunial-A  is 
fabricated  in  the  form  of  extruded  rods  of  60-95  mm  diameter  for  pro- 
ducts  of  high  strength  (ultimate  strength  not  less  than  70  kg/mm1-,  re¬ 
lative  elongation  no  less  than  7#).  In  accordance  with  TsMTU  4146-53 
Cunial-B  is  fabricated  in  the  form  of  strips  cf  thickness  0.5-3  mm  for 

O 

springs  (ultimate  not  less  than  55  kg/nsn^,  elongation  not  less  than  3*). 
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Cunial  has  good  corrosion  resistance.  With  the  presence  of  tensile 
stresses  in  the  surface  layers  it  is  prone  to  cracking  during  annealing 
and  during  operation  at  high  temperatures  (see  Bronze,  Wrought  Spring). 

References:  Sroiryagln  A.P. ,  Promyshlennyye  tsvetnyye  metally  1 
splavy  (Industrial  Nonferrous  Metals  and  Alloys],  2nd  Edition,  Moscow 
1956;  Butomo  D.Q.  (et  al.),  Vysokoprochnyy  korrozicnncstoykiy  deformlr- 
uyemyy  splav  [A  High-Strength  Corrosion-Resistant  Shaping  Alloy],  TsM, 
1956,  No.  11,  p.  70-76;  Butomo  D.G.,  Zedin  N.I.,  0  treshchlnakh  na 
prutkakh  iz  splava  kunial'-A  [Cracks  in  Cunial-A  Alloy  Rods],  ibid, 
1953,  No.  2,  p.  38-62. 

A. V.  Bobylev 
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CUNIFE  -  see  Permanent  Magnet  Wrought  Alloy. 


CUPRAMMONIUM  -  artificial  cellulose  hydrate  fiber  from  cotton  down 
(lint)  or  dressed  wood  pulp.  It  is  formed  from  a  cuprammonium  cellulose 
solution  by  the  wet  method.  It  is  produced  in  the  USSR  and  abroad  in 
the  form  of  a  filament  thread  (general  N  from  110  to  600  and  elemen- 
tary  Nm  7500-9000;  for  special  purposes  22,500)  under  the  name  kupreza 
(rayon,  FRG),  bemberg  (rayon,  FRG  and  USA);  staple  fiber  (piece  length 
from  40  to  100  mm)  under  the  name  of  kupram  (staple,  GDR  and  FRG). 
Cuprammonium  fibers  have  a  smooth  surface,  round  cross  section,  uniform 
structure  along  the  entire  width,  which  determines  uniform  and  deep 
dyeing.  Cuppramonium  fibers  are  characteristic  by  chemical  resistance 
to  many  organic  solvents,  high  thermal  conductivity,  but  low  resistance 
to  acids,  oxidizers,  low  resistance  to  micro-organisms  and  to  atmos¬ 
pheric  conditions.  The  specific  weight  of  the  fiber0  is  1.52-1.54, 
moisture  content  under  standard  conditions  12.5$,  at  95$  relative  air 
humidity  it  rises  to  27$.  The  fiber  does  not  melt  and  burns  easily. 
Cuprammonium  fibers  have  a  wide  interval  of  working  temperatures:  at 
— 40°  the  strength  of  the  fiber  is  increased  by  72$,  the  tensile  elonga¬ 
tion  is  reduced  by  9$  (these  properties  are  reversible);  cotton  and 
flax  under  these  conditions  lose,  respectively,  10  and  6$  of  their 
strength.  When  the  temperature  is  raised  from  20  to  120°  the  strength 
of  cuprammonium  fibers  decreases  by  20-25$  and  the  elongation  by  more 
than  a  factor  of  three.  Cuprammonium  fibers  are  soluble  in  heated  dilute 
and  cold  concetrated  acids.  When  the  fiber  is  irradiated  by  ultraviolet 

rays  for  six  months  it  loses  60-70$  of  its  strength.  Cuprammonium  fibers 
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and  products  made  from  them  are  dvoable  by  direct,  sulfur  and  vat 
dyes.  The  rupture  length  of  standard  c up r ammonium  rayon  is  15-73  km 
(36-45,  14-17)  (numbers  in  parentheses  pertain  to  high-strength  rayon 
and  to  staple  fiber,  respectively).  Strength  losses  in  the  wet  state 
for  standard  fiber  comprise  35-40$  (20-44,  30-35),  in  the  loop,  respect¬ 
ively,  25-30$  (-,  3°-40),  in  a  node  25-40$  (-,  15).  The  tensile  elonga¬ 
tion  of  dry  fiber  is  10-17$  (8-12,  30-38),  of  wet  fiber  15-30$  (-,  40- 
50).  The  ultimate  tensile  strength  for  standard  rayon  comprises  23-32 
kg/mm  (55-69,  21-25);  the  fiber's  elasticity:  complete  reversibility  of 
deformations  takes  place  for  a  1.5-1. 7$  elongation  (— ,  1.5-1. 7).  Cupram- 
monium  is  characterized  by  low  wear  resistance,  particularly  in  the  wet 
3tate  and  high  susceptibility  to  wrinkling.  Very  fine  (N  elementary 
22,500)  cuprammonium  fibers  arc  used  for  special  purposes  and  as  an  or- 
ganic-solvents-resistant  fiber;  high-strength  cuprammonium  fibers  (rup¬ 
ture  length  36-45  km)  is  used  in  the  production  of  cord  and  cord  fab¬ 
rics;  in  the  pure  state  and  mixed  with  natural  fibers  it  is  used  for 
the  manufacture  of  consumer  goods. 

Staple  fiber  40-45  mm  long  is  used  together  with  cotton,  75-80  mm 
long  fiber  is  used  together  with  wool  and  100  mm  long  fiber  is  used  in 
making  of  carpets. 

References:  Rogovin,  Z.A. ,  Osnovy  khimii  i  tekhnologii  proizvodst- 
va  khimicheskikh  volokon  [Fundamentals  of  the  Chemistry  and  Technology 
of  Chemical  Fibers  Production],  pages  488-521,  2nd  edition,  Moscow, 

1957;  Pashkver,  A.  B. ,  Tekhnologiya  mednoammiaohnogo  volokna  [The  Tech¬ 
nology  of  Cuprammonium  Fibers],  Moscow,  1947;  Rayuzov,  A. N. ,  Gruzdev, 

V.  A.  and  Artemenko,  .M.A.  ,  Tekhnologiya  iskustvunnykn  vclokon  [  Technolo¬ 
gy  of  Artificial  Fibers],  pages  404-31,  2nd  edition,  Moscow,  1952; 
Moncruiff,  R.  W. ,  Chemical  Fibers,  translated  from  English,  pages  164-70, 

Moscow,  I96I;  "Textil-Praxis"  [Textile  Practice],  February,  1961. 

V.  M.  dukhman 
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CUPROALUMINUM  Is  an  alloy  of  copper  with  aluminum  and  other  ele¬ 
ments.  An  example  of  cuproalumlnum  is  aluminum  bronze  -  an  alloy  of 
copper  with  5,  7,  10  or  12$  aluminum. 
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CUTTING  OF  HIGH-MELTING  ALLOYS. 

Tungsten  and  Its  alloys  are  among  the  most  difficult -to-machine 
materials  as  a  result  of  the  high  hardness ,  increased  brittleness,  low 
plasticity,  and  high  abrasiveness  of  W.  The  low  plasticity  of  tungsten 
alloys  has  a  negative  influence  on  their  machi nabllity.  In  this  connec¬ 
tion  an  increase  in  cutting  speed  reduces  machinability ,  since  it  does 
not  cause  a  sufficient  Increase  in  heat  evolution  or  a  sufficient  de¬ 
crease  in  strength  in  the  deformed  element.  Moreover,  the  reduced  plas¬ 
ticity  of  tungsten  alloys  causes  a  sharp  decrease  in  the  cutting  area 
in  contact  with  the  cutting  tool  and  thus  raises  the  tool  pressure  re¬ 
quired  to  produce  the  same  cutting  force  by  a  factor  of  2-4.  Sheets  of 
W  alloys  are  laid  out  with  silicon  carbide  cutting  wheels.  In  order  to 
avoid  cracking  cold  sheets  should  not  be  cut  with  shears,  sawn,  or  die- 
punched.  It  Is  recommended  that  W-based  alloys  be  laved  with  tools  of 
Rl8,  R9K5,  R9K10,  or  R9F5  high-speed  steel  or  the  hard  alloy  VK8.  A 
coolant  is  not  employed  during  lathing,  since  this  reduces  the  resis¬ 
tance  of  the  tool.  Tungsten  alloys  are  milled  with  high-speed  millers 
of  Rl8,  R9K5,  R9K10,  or  F9F5  steel  or  VK8  alloy.  Drilling  holes  in  \< 
alloys  presents  enormous  difficulties  associated  with  the  large  cutting 
forces  that  develop  and  the  low  rigidity  of  standard  drills.  Holes  in 
W-alloy  sheets  less  than  2  mm  thick  are  first  roughed  cut  by  electro- 
erosive  or  ultrasonic  treatment.  Drills  of  RlS  and  R9F5  high-speed 
steels  with  oblique  flutes  (Fig.  1)  are  used  for  drilling  to  a  depth  of 
1-1.5  8,  while  high-rigldity  drill:;  are  employed  for  holes  mere  than 
1.5  d  deep.  Outside  threads  are  cut  with  a  thread  cutter  or  chaser  and 
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finished  with  a  thread  grinder.  It  1.,  recommended  that  tungsten  alloys 
he  ground  with  wheels  of  green  carborundum  in  a  ceramic  binder  having  a 
granularity  of  40-60  and  a  hardness  of  CM1-CM2.  The  surface  finish  pro¬ 
duced  is  of  class  7-8  (GOST  2789-51)*  In  order  to  Improve  their  cuta- 
bility  such  alloys  are  preheated  to  370-^20°,  which  raises  tool  resis¬ 
tance  by  a  factor  of  5-6  and  reduces  the  cracking  and  chipping  of  the 
material,  thus  making  it  possible  to  obtain  holes  less  than  5  mm  in 
diameter  in  both  massive  and  sheet  materials.  A  tungsten  sheet  heated 
to  370°  can  be  cut  with  shears  or  die -punched. 

The  conditions  for  cutting  molybdenum  al¬ 
loys  are  similar  to  those  for  machining  W.  In 
machining  molybdenum  alloys  the  cut  layer  has  a 
tendency  to  shear  off  under  severe  cutting  re¬ 
gimes  because  of  its  elevated  brittleness  (as 
is  also  the  case  for  W  alloys).  Detrimental  im¬ 
purities  and  admixtures  substantially  reduce 
machinability.  Depending  on  technological  conditions,  cooling  is  car¬ 
ried  out  with  an  emulsion,  air,  or  a  "mist,"  i.e.,  by  dispersing  an 
emulsion  in  a  stream  of  air.  Ingots  are  roughed  out  with  cutters  of  the 
hard  alloy  VX8.  The  same  cutters  are  also  used  for  finishing. 

It  is  recommended  that  Mo  alloys  be  face -milled  with  millers  of 
the  hard  alloy  VK6  or  VK8.  These  alloys  are  drilled  with  standard  high- 
rigidity  drills  of  Rl8  steel. 

Thread-cutting  requires  special  care  in  comparison  with  lathing, 
the  cutting  speed  being  reduced  to  9-12  m/mln  and  a  per-pass  cutting 
depth  of  0.1-0.15  ran  being  employed.  It  is  best  to  cut  coarse  threads, 
since  fine  ones  are  easily  broken.  Mo  alloys  are  ground  under  the  same 
conditions  as  W  alloys.  The  surface  finish  produced  is  of  class  7. 

Tantalum  and  niobium  alloys  have  a  hign  viscosity  and  plasticity 
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Fig.  1.  Drill  with 
oblique  flutes  for 
drilling  shallow 
holes  in  tungsten 
alloys,  l)  Butt 
weld;  2)  40  Kh 
steel;  3)  Rl8  steel. 
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Fig.  2.  Influence  of  cut¬ 
ting  rate  on  cutting  re¬ 
sistance  during  the  lath¬ 
ing  of  niobium  alloys. 
Material  to  be  machinea: 

-  HB  =  160  kg/rran2, 

-  -  -  HB  =  165  kg/mm2, 
cutter  of  Rl8  alloy.  Ma¬ 
chining  regime:  V  =  15-60 
m/mln,  S  =  0.2  mm  per  rev¬ 
olution,  t  =  O.75  ram.  1) 
Cutting  resistance,  min; 

2)  cutting  rate,  m/mln. 


and  a  comparatively  low  hardness  (HB  = 

=  120-170  kg/mm^).  The  difficulty  in  cut¬ 
ting  them  lies  in  their  strong  tendency 
to  stick  to  the  cutting  tool.  These  al¬ 
loys  are  lathed  with  cutters  of  Rl8  or 
R18F2  steel.  Machining  with  hard -alloy 
cutters  often  leads  to  chipping  of  the 
cutter  tip  and  is  consequently  not  recom 
mended.  The  geometric  parameters  of  the 
cutters  employed  are  the  same  as  for  the 
machining  of  tungsten  and  molybdenum. 

The  cutting  speed  of  niobium  alloys 
is  greatly  affected  by  the  stability  of 
R18  cutters  (Fig.  2).  High  cutting  speed 
produce  high  temperatures  in  the  cutting 
zone,  which  leads  to  oxidation  of  the 
surface  being  machined  Nb  and  Ta  alloys 
are  drilled  with  RlR  drills,  using  sulfo 
frezol  as  a  coolant. 


Nb  and  Ta  alloys  are  very  difficult  to  grind.  The  grinding  wheels 
quickly  clog  up  and  require  frequent  adjustment.  The  best  results  are 
obtained  when  wheels  of  electrocorundum  in  a  ceramic  binder  are  used. 
The  grinding  regime  is  the  same  as  for  W  and  Mo.  Grinding  is  accompa¬ 
nied  by  copious  cooling  with  a  2-3#  solution  of  soda  ash.  The  surface 
finish  obtained  is  of  class  6. 

References:  Vul'f,  B.K.,  Romadin,  K.P.,  Aviatsionnoye  metalovede- 
nlye  [Aviation  Metalworking),  Moscow,  3962;  Niobiy  i  tantal  [Niobium 
and  Tantalum],  collection  of  translations,  edited  by  O.P.  Kolchina, 

Moscow,  1954;  Machinery  (USA),  i960,  Vol.  66,  No.  10,  pages  181-188; 

3116 


I:  v: 

Tua  and  Manufacturing  Engr. ,  i960,  Vol.  *>,  No.  4,  pages  1,11 -122, 

Metal  Industry,  1959,  Vol.  94,  No.  4-7;  Machinery  (Engl.),  1953,  Vol. 
No.  2095,  pages  72-73. 

Ye.P.  Bychkov  and  K.F.  Romanov 
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CYANIDING  OF  STEEL  —  is  the  saturation  of  the  surface  of  low-  and 
medium-carbon  steel  (alloy  steel  being  included)  with  carbon  and  nitro¬ 
gen  in  order  to  Increase  the  hardness,  the  resistance  to  abrasion,  and 
the  fatigue  strength.  In  comparison  to  carburizing,  the  cyanldlng  is 
generally  carried  out  at  a  lower  temperature,  and,  therefore,  the  parts 
are  less  dangered  by  warping.  The  metal  obtains  a  higher  abrasion  re¬ 
sistance  by  cyanldlng  than  by  carburizing.  The  cyaniding  of  small  parts 
is  carried  out  in  cyanide  baths  at  820-850*  for  20-40  minutes,  and  a 
hard  surface  layer  with  a  thickness  of  0.15-0.25  mm  is  formed.  Then  the 
parts  are  hardened  and  tempered  at  a  low  temperature,  at  1 80-200°.  A 
deep  cyaniding  at  930°  for  1-5  hours  gives  a  0.5-1- 5  mm  thick  layer 
with  a  hardness  of  >60  RC.  Cyaniding  in  toxic  salts  is  gradually  substi¬ 
tuted  by  gas  cyaniding  (carbonitriding)  carried  out  in  a  mixture  of  3- 
10%  ammonia  and  90-QJ%  carburizing  gas  (drops  of  liquid  hydrocarbons 
may  substitute  trie  gas;.  Gas  cyanldlng  is  carried  out  at  85 0*  with  sub¬ 
sequent  hardening  and  low  tempering;  a  0-5-0. 7  mm  thicr.  layer  with  a 
surface  hardness  of  >50  RC  is  formed  on  l8Kh(24  or  25KhGT  steel  after 
treatment  for  5-5  hours  in  a  continuous  muffle- less  furnace.  Low-tem¬ 
perature  cyaniding  is  utilized  to  increase  the  hardness  and  heat  re¬ 
sistance  of  tools  made  from  high-speed  steel.  In  this  case,  the  process 
is  carried  out  at  5^0°  for  5-10  minutes  in  cyanide  baths,  and  for  1-2 
hours  in  gases  or  in  solid  packs.  The  layer  obtained  by  this  method  has 
a  thickness  of  0.01-0.02  am,  and  a  surface  hardness  of  HOC  HV  (the 
hardness  of  the  core  Is  85c  HV). 

References:  Metano*'edeniye  1  teralcheskaya  obratotka  stall  (Metal 
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CYCLIC  STRENGTH  -  see  Endurance. 
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CYCLIC  TOUGHNESS  -  is  the  capability  of  a  material  to  absorb  ir¬ 
reversibly  deformation  energy  during  alternating  loads;  it  is  charac¬ 
terized  by  the  hysteresis  loop.  Under  steady  conditions  of  the  alterna¬ 
ting  loads,  the  cyclic  toughness  is  characterized  by  the  width  A  of  the 
hysteresis  loop.  The  type  and  the  rate  of  the  change  of  A  when  the  num¬ 
ber  N  of  the  cycles  Increases  are  different  for  various  materials  and 
depend  on  the  frequency  and  e  parameters  of  the  stress  cycle.  The 
width  of  the  loop  (the  cyclic  toughness)  increases  steadily  up  to  the 
point  where  failure  occurs,  when  maximum  cycle  stresses  surpassing  the 
endurance  limit  of  the  material  are  applied  (see  the  curves  1,  2,  and 
3  on  the  Figure).  When  maximum  cycle  stresses,  equal  to  the  endurance 
limit,  are  applied,  the  A  of  the  one  metal  reaches  a  certain  width 
and  then  remains  Invariable  (curve  4);  in  other  metals,  the  width  of 
the  loop  passes  a  maximum  (curve  5)  before  it  attains  a  stable  value. 
Owing  to  these  properties,  the  cyclic  toughness  (the  width  of  the  hys¬ 
teresis  loop)  may  serve,  beside  the  endurance  limit,  as  a  characteris¬ 
tic  of  the  fatigue  strength  of  material.  The  cyclic  toughness  may  al¬ 
so  serve  to  indicate  the  sensitivity  of  the  material  to  stress  concen¬ 
trations  at  alternating  stresses;  the  higher  the  cyclic  toughness,  the 
lower,  as  a  rule,  is  the  sensitivity  to  stress  concentrations. 


Variation  of  cyclic  toughness  under  repeated  loading.  A)  Width  of  hys¬ 
teresis  loop;  B)  number  of  cycles.  „  m 

0.  T.  Ivanov 
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see  Polyester  Fiber. 
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DAMAGE  -  a  decrease  in  resistance  to  fatigue  or  long-term  static 
fracture  as  a  result  of  repeated  or  static  preliminary  loading.  The  ef¬ 
fect  of  fatigue  damage  can  be  most  simply  measured  by  Fatigue  testing 
with  a  single  shift  from  one  stress  amplitude  a (initial)  to  another 

o,  (final).  On  the  fatigue  curve  the  initial  amplitude  o  corresponds 
k  n 

to  the  number  of  cycles  to  fracture  N  ,  while  the  final  amplitude 

corresponds  to  N,  .  If  the  metal  is  loaded  under  the  initial  stress  for 

n  cycles,  if  the  tests  are  concluded  at  the  final  stress  fracture 
n 

takes  place  after  n^  cycles.  The  quantity  S  =  (N^  -  characteriz¬ 

es  the  degree  of  damage  as  a  function  of  the  relative  duration  of  the 
initial  loading  regime  nn/Nn. 

The  curve  characterizing  the  relative  loss  of  durability 
(Nr  -  after  a  single  change  in  stress  amplitude  as  a  function  of 

the  relative  loading  time  nn/Nn  is  called  the  damage  curve.  The  shape 
of  this  curve  depends  on  the  characteristics  of  the  metal  and  the  load¬ 
ing  conditions. 

For  simple  linear  summation  of  damage  S  =  nn/Nn,  i.e.,  the  damage 
Is  proportional  to  the  ratio  of  the  numbers  of  cycles  and  (nn/^n)  + 

+  (n^/N^)  =  1.  For  high-strength  and  hard  steels,  cold-worked  steels 
and  alloys,  and  perlltic  cast  iron  S  >  0  during  the  initial  stages  of 
alternate  loading  and  the  decrease  in  strength  is  continuously  cumula¬ 
tive.  The  effect  of  fatigue  damage  depends  to  a  substantial  extent  on 
the  level  of  the  alternating  stresses  and  the  sequence  in  which  they 
vary.  Damage  accumulates  more  rapidly  when  stress  concentrations  are 
present  and  does  not  obey  the  simple  linear-summation  law  in  this  case. 
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On  nonstationary  alternate  loading  the  cumulative  damage  is  char¬ 
acterized  by  the  formula  Zfn^/N^,  where  is  the  total  number  of 
stress  cycles  at  amplitude  a ^  and  N.^  is  the  number  of  cycles  necessary 
to  cause  fracture  at  this  stress,  according  to  the  fatigue  curve.  The 
cumulative  damage  depends  on  the  total  number  of  stress  cycles  and  the 
amplitude  spectrum  of  the  alternating  load. 

In  order  to  characterize  the  influence  of  damage  on  fatigue 
strength  in  terms  of  stresses  it  is  necessary  to  determine  a  secondary 
fatigue  curve  by  testing  a  series  of  specimens  preliminarily  loaded  un¬ 
der  stresses  of  amplitude  on  for  Nn  cycles. 

The  ratio  of  the  fracture -stress  amplitude  for  a  given  number  of 
cycles  on  the  secondary  curve  to  the  stress  amplitude  for  the  same  num¬ 
ber  of  cycles  on  the  primary  curve  characterizes  the  change  in  fatigue 
strength  resulting  from  damage.  Depending  on  the  values  selected  for  on 
and  nR,  the  secondary  fatigue  curve  may  run  above  or  below  the  primary 
curve  (see  Acclimatization).  The  position  of  the  damage  curve  with  re¬ 
spect  to  the  fatigue  curve  depends  on  the  characteristics  of  the  metal 
and  the  character  of  the  stressing.  One  of  the  most  common  techniques 
for  determining  the  damage  curve  is  French's  method:  after  the  usual 
fatigue  curve  has  been  obtained  several  stress  levels  are  selected  and 
a  group  of  specimens  is  loaded  at  each  of  them  for  different  numbers  of 
cycles,  keeping  the  stress  below  the  fracture  point  in  all  cases.  The 
specimens  are  then  loaded  under  stresses  equal  to  their  fatigue 
strength;  some  of  them,  having  been  damaged  during  the  preliminary 
loading,  will  fall  prematurely.  The  higher  the  overload,  the  lower  will 
be  the  number  of  cycles  required  to  cause  damage.  The  line  separating 
the  numbers  of  stress  cycles  that  do  not  cause  a  decrease  in  fatigue 
strength  from  the  numbers  of  cycles  that  do  produce  such  a  drop  is  the 
fatigue  curve,  which  is  bounded  on  the  left  by  the  region  of  dangerous 
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overloads.  It  Is  sometimes  called  French's  line. 

Until  a  certain  point  is  reached  the  change  in  fatigue  character¬ 
istics  due  to  damage  can  be  eliminated  by  heat  treatment,  such  as  in¬ 
termediate  tempering,  which  suppresses  the  effect  of  the  cold-working 
and  other  changes  caused  by  cyclic  deformation.  The  number  of  cycles 
required  to  produce  damage  depends  both  on  the  stress  amplitude  and  the 
character  of  the  loading;  under  alternate  shear  cold-working  proceeds 
more  rapidly  and  the  region  S  <  0  is  more  pronounced. 

S.V.  Serensen 
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DAMPING  OF  OSCILLATIONS  -  is  the  gradual  diminution  of  the  ampli¬ 
tude  of  free  oscillations,  caused  by  the  dissipation  of  energy  due  to 
the  resistance  of  the  surrounding  medium  (air,  water),  and  by  the 
resistance  in  the  fastening  points  of  the  body  (in  bearings  and  points 
of  rest)  and  the  internal  friction  in  the  material  Itself.  The  part  of 
energy  consumed  during  each  cycle  of  oscillation  is  measured  by  the  area 
of  the  hysteresis  loop.  The  damping  of  oscillations  is  connected  with  a 
local  plastic  deformation  and  depends  strongly  on  the  amplitude  (magni¬ 
tude)  of  the  stress;  therefore,  an  ordering  of  materials  in  series 
based  on  the  magnitude  of  the  damping  of  oscillations  becomes  sometimes 
principally  changed  when  the  magnitude  of  the  stress  is  changed  at  which 
the  damping  of  oscillations  was  compared.  The  damping  of  oscillations 
is  measured  on  basis  of  the  decrease  in  the  area  of  the  hysteresis  loop 
or  on  basis  of  the  diroinuation  of  the  amplitudes.  The  logarithmic  decre¬ 
ment  of  the  damping  of  oscillations  is  equal  to  the  natural  logarithm 
of  the  ratio  of  the  foregoing  to  the  following  maximum  deviation  (ampli¬ 
tude)  of  the  oscillation;  Ihe  determination  of  the  cyclic  viscosity 
(the  energy  absorbed  by  the  material  within  1  period)  is  also  used.  This 
characteristic  allows  a  comparison  of  the  damping  of  oscillation  for 
one  period,  which  make  it  possible  to  compare  the  damping  rates  of  os¬ 
cillations  having  different  periods.  The  ratio  of  two  adjacent  ampli¬ 
tudes  (and  therefore  the  logarithm  of  this  ratio  also,  i.e.,  the  loga¬ 
rithmic  decrement  of  the  damping  of  oscillations ) ,  however,  is  not  con¬ 
stant  in  nonlinear  systems  and  becomes,  therefore.  Indefinite.  Damping 
of  oscillations  riser,  with  rising  temperature  more  strongly  than  the 
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majority  of  the  other  mechanical  characteristics  and  is  the  lower,  as  a 
rule,  the  higher  the  resistance  to  plastic  deformation  (damping  of  os¬ 
cillations  is  small  in  ball-bearing  steels,  in  fine-grained  structures, 
etc.  ).  The  purity  of  the  material  may  strongly  affect  the  damping  of 
oscillation.  Thus,  the  damping  of  oscillations  increases  by  250  times 
when  tin  with  a  purity  of  99*999$  is  taken  instead  of  tin  with  a  purity 
of  ^9*^3$.  This  difference  is  determinable  only  when  the  measurement  of 
the  damping  of  oscillations  is  carried  out  with  a  very  high  precis'* on. 

A  minimum  of  damping  of  oscillations  is  desired  in  tuning  forks, 
strings  and  gongs;  in  building  materials,  on  the  contrary,  a  high  damp¬ 
ing  of  oscillations  is  desirable  without  reducing,  however,  the  other 
useful  properties.  The  damping  of  oscillations  in  constructions  over¬ 
comes  sometimes  markedly  damping  of  oscillations  in  the  material. 

References:  Structural  damping.  Papers  presented  ...  the  A.G.M. S. 
...  in  Atlantic  City,  N. Y. ,  in  Dec.,  1959,  Oxf . ,  i960. 


Ya.  B.  Fridman 
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DARVAN  (Parian)  -  synthetic  carbon  chain  fiber  from  a  copolymer  of 
vinyl i dene cyanide  and  vinyl  acetate  (1:1),  which  is  used  in  the  textile 
and  knitwear  industry.  It  is  produced  in  the  USA  in  the  form  of  staple 
fiber  (Nm  elementary  6000  and  3000,  length  of  sections  from  30  to  60 
mm),  the  cross  section  is  elongated  in  shape.  Darvan  is  distinguished 
by  high  thermal  resistance,  resistance  to  biological  and  atmospheric 
effects;  its  disadvantage  is  poor  dyeability.  Specific  weight  1. 18, 
moisture  content  under  standard  conditions  2-3$.  At  temperatures  close 
to  the  softening  temperature  (149-168°)  Darva.  retains  40-50#  of  its 
original  strength.  When  held  for  195  days  at  149°  and  8  days  at  168° 
the  fiber  strength  does  not  change.  Darvan  held  for  2  years  (in  the 
state  of  Florida)  in  open  air  has  lost  83#  of  strength.  Shrinkage  of 
Darvan  when  boiled  in  water  for  3  minutes  is  1#,  it  changes  little  when 
steamed  (1.?  atm),  the  shrinkage  of  dry  fiber  heated  to  166°  is  5#.  Dar¬ 
van  resists  the  effect  of  ordinary  organic  solvents.  The  rupture  length 
in  the  dry  state  15.75  km,  in  the  wet  state  it  is  13*5  mm.  The  elonga¬ 
tion  of  the  wet  fiber  comprises  30#.  By  its  resilience  Darvan  is  close 
to  wool.  It  is  used  for  the  making  of  articles  used  in  the  open  air 
(tents),  as  well  as  dresses,  underwear,  curtains,  etc. 


L. M.  Musichenko- Vasil 'ye va 


DAVIDENKOV'S  METHODS  -  methods  for  measuring  residual  stresses. 


For  discs  Davidenkov's  methods  are  similar  and  more  accurate  than 
Kalakutskly' s  method.  Rings  are  cut  from  the  disc  which,  after  measur¬ 
ing  the  diameter  and  width,  are  slit  along  the  radius.  The  gradient  of 
residual  stresses  axong  the  disc  radius  is  determined  by  the  change  in 
the  diameter  of  each  ring  upon  slitting.  Usually  only  tangential 
residual  stresses  are  determined,  without  taking  into  account  radial 
stresses.  Davidenkov's  methods  make  it  possible,  on  the  basis  of  data 
thus  obtained,  also  to  calculate  thu  radial  stresses.  The  gradient  of 
residual  stresses  is  determined  on  the  basis  of  the  tangent  of  th-_- 
stress  diagram  slope  arc  tan  a: 


ts«  ]!  ^ 


where  E  is  the  standard  modulus  of  elasticity,  D  is  the  diameter  of  the 
ring,  AD-^  is  a  change  in  this  diameter,  and  Aa  is  the  change  in  the 
distance  between  markings  on  both  sides  as  a  result  of  slitting  the 
ring.  To  determine  tangential  stresses  in  thin-walled  pipes,  rings  are 
cut  from  them  from  which  external  or  internal  layers  are  gradually  re¬ 
moved  (usually  by  etching).  To  determine  the  axial  stresses  strips  are 
cut  from  pipes  from  which  layers  are  also  gradually  cut.  The  stresses 
are  calculated  on  the  basis  of  deformation  upon  removal  of  layers, 
which  are  measured  by  using  given  measuring  instruments,  or  electric 
strain  gages,  and  on  the  basis  of  the  elastic  characteristics,  of  the 
material.  According  to  a  slightly  simplified  Davidenkov's  method  the 
tangential  residual  stresses  are  calculated  as  a  sum  of  •'»  'or.pcnents : 
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»-«,+ o.+o.-to.  ,  where  is  the  stress  removed  in  the  given  layer  when 
the  ring  is  slit  along  the  generatrix,  o2  is  a  stress  removed  in  the 
given  layer  by  removal  of  the  layer  proper,  is  a  stress  produced  by 
an  axial  tensile  or  compressive  force,  which  is  removed  in  the  given 
layer  upon  removal  of  all  the  preceding  layers,  and  is  the  stress 
due  to  the  bending  moment  which  is  removed  in  the  given  layer  upon  re¬ 
moval  of  all  the  preceding  layers.  In  prismatic  bars  layers  are  removed 
in  succession  from  one  side  of  the  bar  and  the  curvature  (deflection) 
ch oiige  which  is  thus  produced  is  measured. 

References:  see  at  the  end  of  article  Residual  Stress. 


Ya.  B.  Fridman 
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DECARBONIZATION  OF  STEEL  -  impoverishment  of  the  surface  layers 
of  steel  In  carbon  as  a  result  of  exposure  to  hot  air  or  furnace  gases 
at  high  temperatures. 

This  process  is  associated  with  the  fact  that  oxygen  oxidizes  car¬ 
bon  in  preference  to  iron.  Decarbonization  occurs  when  the  diffusion 
rate  of  the  carbon  is  higher  than  the  oxidation  rate  of  the  iron.  A 
weakly  oxidative  atmosphere  causes  intensive  decarbonization  and  only 
slight  scaling;  a  strongly  oxidative  atmosphere  causes  rapid  scaling, 
so  that  decarbonization  is  virtually  impossible.  The  degree  of  decar¬ 
bonization  produced  when  steel  is  heated  in  a  hydrogen  atmosphere  is 
greatly  affected  by  the  humidity:  almost  no  decarbonization  takes  place 
in  dry  hydrogen,  while  very  intensive  decarbonization  occurs  ir.  moist 
hydrogen.  Complete  or  partial  superficial  decarbonization  of  steel  may 
lead  to  rejection  of  finished  components,  so  that  it  is  checked  in 
semifinished  products  In  accordance  with  GOST  1763-^2,  5952-51*  and 
301-47  in  metallurgical  plants  and  in  finished  presets  in  machine- 
building  plants.  Decarbonization  of  steel  during  heating  can  be  pre¬ 
vented  by  use  of  protective  atmospheres,  vacuum  furnaces,  and  neutral 
atmospheres  (nitrogen  and  argon  freed  of  water  vapor,  oxygen,  and  car¬ 
bon  dioxide).  Decarbonization  is  desirable  in  rare  cases,  as  in  the 
processing  of  transformer  steel  or  in  order  to  reduce  the  sensitivity 
<-f  high-strength  steels  to  stress  concent ratc»rs  under  static  leads. 

References:  Gudremcn,  E. ,  Spots ial 'nyye  stall  [Special  Steels], 
translated  from  German,  Vol.  1-2,  Moscow,  1959-60. 


A.N.  Mlnkevich 
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DECORATIVE  ALUMINUM  SHAPING  ALLOYS  -  see  Corrosion-resistant  alum- 


DECORATIVE  BRONZE  -  an  alloy  of  copper,  tin,  zinc,  and  lead  used 
for  artistic  castings.  Decorative  bronzes  have  good  casting  properties 
and  fill  the  mold  to  give  a  precise  impression.  The  lead  present  in 
these  alloys  makes  them  readily  cuttable.  Decorative  bronzes  are  pro¬ 
duced  from  Secondary  bronzes  and  have  higher  permissible  impurity  con¬ 
tents,  since  the  finished  products  need  not  have  high  mechanical  char¬ 
acteristics.  They  are  manufactured  in  ingots  weighing  no  more  than  42 
kg.  Depending  on  the  type  of  alloy  (Table),  the  ingots  are  marked  with 
the  letter  "X"  In  the  following  colors:  BKhl  —  white,  BKh2  —  green,  and 
BKh3  -  blue. 

References:  Smiryagin,  A.P. ,  Promyshlennyye  tsvetnyye  metally  i 
splavy  [Commercial  Nonferrous  Metals  and  Alloys],  2nd  Edition,  Moscow, 
1956. 

O.Ye.  Kestner 
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DECORATIVE  LAMINATED  PLASTICS  —  laminated  plastic  materials  which 
are  obtained  by  hot  pressing  of  multilayer  stacks  of  special  grade, 
synthetic  resin  impregnated  paper.  They  differ  from  Getlnaks  by  the 
presence  of  an  external  decorative  facing  layer.  This  layer  (facing 
paper)  is  made  from  high-strength,  bleached,  finished  sulfite  pulp. 
Colored  decorative  laminated  plastics  are  made  with  facing  paper  with  a 
filler,  such  as  lithopone,  using  heat  and  light  resistant  pigments  and 
vat  dyes  for  coloring.  White  decorative  laminated  plastics  are  obtained 
from  facing  paper  with  a  filler  consisting  of  titanium  dioxide.  Facing 
paper  without  a  filler  is  used  for  making  decorative  laminated  plastics 
which  imitate  expensive  species  of  wood  and  stone  (the  texture  of  the 
wood  or  stone  is  printed  on  the  paper  which  is  then  colored  in  an  imi¬ 
tating  shade).  For  inside  layers  of  decorative  laminated  plastics  paper 
from  unbleached  sulfite  pulp  (impregnated  insulation,  kraft  wrapping 
[paper],  etc.  )  is  impregnated  by  a  phenolformaldehide  resin  (bakelite 
lacquer),  which  imparts  higher  impact  ductility  and  water  resistance  to 
the  decorative  laminated  plastics.  Paper  for  internal  layers  is  impreg¬ 
nated  by  colorless  transparent  carbamide  resins;  a  carbamide  melamine- 
urea-  forme  ldehyde  resin  (MM-54-U)  is  used  in  the  USSR.  The  dry  impreg¬ 
nated  paper  is  cut  up,  assembled  into  stacks  for  pressing  into  a  lami¬ 
nated  plastic  material.  In  certain  cases  the  external  layer  of  the  stack 
is  made  from  paper  impregnated  by  pure  melamine -formaldehyde  resin  in 
order  to  improve  the  surface  hardness  and  the  resistance  of  the  plastic 
material  to  the  effect  of  water  and  aggressive  media.  Symmetrical  place¬ 
ment  of  layers  with  resins  of  identical  properties  aids  in  reducing  the 
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warping  of  the  finished  products.  Each  stack  consists  of  three  layers: 
the  surface,  compensating  and  inside  (with  11  sheets  of  paper  being 
used  per  1  mm  of  thickness  of  the  plastic  material).  To  obtain  decora¬ 
tive  laminated  plastics  thicker  than  1  mm,  the  thickness  of  the  inside 
layer  of  the  stack  is  increased.  Decorative  laminated  plastics  are 
produced  in  the  form  of  sheets  with  dimensions  up  to  1. 2  x  3  m,  and 
0.8-5  mm  in  thickness,  less  frequently  in  the  form  of  corrugated  sheets, 
similar  to  [roofing]  slate. 

Physicomechanical  properties  of  decorative  laminated  plastics: 

p 

specific  gravity  1.25-1.4-5,  impact  ductility  8-15  kg*  cm/cm  ,  Brinell 

p 

hardness  23-25  kg/mm  ,  tensile  modulus  of  elasticity  15,000-75,000 

2  2 
kg/cm  ,  Martens  heat  resistance  120-140°,  ultimate  strength  (kg/cm  )  in 

tension  900-1300,  in  compression  1400-1600,  in  static  flexure  900-10 00, 
in  shear  90-115,  resistance  to  cleavage  180-200  kg,  moisture  absorption 
(hygroscopicity)  1.3-2#,  water  absorption  up  to  4#,  tangent  of  dielec¬ 
tric  losses  angle  at  50  cps  0. 12-0. 18,  at  10^  cps  it  is  0.035-0. 039, 
specific  electric  volume  resistivity  5.  5’  10^-9. 1*  10^  ohm*  cm,  specific 
surface  resistivity  1. 2*  10^-1.  7^2  ohms,  electric  strength  32-33  kw/mm, 

rT 

dielectric  permittivity  at  50  cps  6.6-10.7  at  10°  cps  it  is  9. 1-10.0. 
Decorative  laminated  plastics  are  resistant  to  oils,  gasoline,  weak 
organic  acids  and  weak  bases,  various  washing  substances  in  hot  water, 
to  short-duration  effect  of  hot  objects,  can  be  boiled  in  water  without 
producing  a  change  in  the  external  appearance  and  without  cleavage  for 
30  minutes.  Decorative  laminated  plastics  are  inert  to  food  products. 

Advantages  of  decorative  laminated  plastics:  moderate  weight,  mini¬ 
mum  number  of  joints  at  the  plastic-finished  surface,  they  are  sanitary, 
light-resistant  and  ahve  no  smell  at  elevated  temperatures.  The  working 
temperature  is  from  -30  to  +;,0°.  They  age  only  insignificantly.  By  their 

abrasion  resistance  decorative  laminated  plastics  are  close  to  granite, 
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are  easily  cut.  When  heated  to  100-120°  they  become  temporarily  plastic 
and  can  be  shaped.  Decorative  laminated  plastics  are  fastened  to  con¬ 
crete,  timber,  metals,  etc.,  by  mechanical  means,  using  screws  and 
strips,  or  by  pasting,  as  well  as  by  a  combination  of  both  methods.  The 
linear  dimensions  of  decorative  laminated  plastics  vary  substantially 
when  subjected  to  heat  and  atmospheric  moisture,  for  which  reason  com¬ 
pensating  gaps  are  provided  when  they  are  fastened  mechanically.  De¬ 
corative  laminated  plastics  are  used  for  facing  of  walls  of  premises; 
for  upholstering  seagoing  vessels,  [railroad]  cars,  aircraft;  for  fac¬ 
ing  of  tables;  to  obtain  triple-layer  decorative  structural  materials 
(in  particular,  with  wood  shavings  and  wood  fiber  panels  or  honeycomb 
designs  as  a  base),  which  are  used  as  wall  partitions,  etc.  Decorative 
laminated  plastics  are  used  for  making  various  indelible  indicators, 
boards,  etc.,  for  which  purpose  the  text  of  the  board  or  the  indicator 
arrow  is  painted  on  sulfite  pulp  paper,  and  then  it  is  impregnated  by 
melamine-urea-formaldehyde  resin,  dried,  and  when  the  stack  is  assembled 
they  are  placed  first,  and  pressed.  Decorative  laminated  plastics  are 
cheap,  strong  and  are  easily  replaceable  during  repairs. 


V.  N.  Gorbunov,  V.  Z.  Mayevskaya,  E.  G.  Gashnikov 
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DEFICIENCIES  OF  ELASTICITY  (related  terms  are:  elastic  imperfec¬ 
tions,  inelasticity,  relaxation  phenomena)  are  deviations  of  the  behav¬ 
ior  of  materials  from  the  behavior  of  a  perfectly  elastic  body  which 
would  (until  exceeding  the  elastic  range)  undergo  only  elastic  deforma¬ 
tion.  Elastic  Imperfections  may  be  in  the  form  of:  l)  appearance  of  re¬ 
sidual  (irreversible)  deformations  after  unloading;  2)  noncoincidence 
of  the  loading  and  unloading  branches ,  which  corresponds  to  a  differ¬ 
ence  of  the  loading  and  unloading  work.  This  difference  is  measured  by 
the  area  of  the  hysteresis  loop;  3)  microresidual  processes  which  may 
not  be  detected  from  the  forementioned  characteristics  (see  Fatigue). 
The  concept  of  "elastic  imperfections”  is  narrower  than  that  cf  inter¬ 
nal  friction,  since  in  the  latter  case  we  do  not  necessarily  assume 
elastic  deformation  of  the  body  as  a  whole,  for  example  with  macroscop¬ 
ic  flow.  All  real  materials  are  nonuniform  to  some  degree,  both  with 
respect  to  composition  and  structure  (both  from  grain  to  grain  and 
within  the  limits  of  a  grain)  and  with  respect  to  the  loading  process 
(for  example,  tension  and  compression  are  generally  accompanied  by 
bending  in  view  of  the  presence  of  eccentricity  of  load  application). 
This  nonuniformity  leads  to  the  appearance  of  inelastic  irreversible 
phenomena  in  Individual  zones  of  the  body,  although  the  latter  as  a 
whole  is  deformed  elastically.  See  Bauschlnger  Effect.  Hysteresis,  Vi¬ 
bration  Damping,  Elastic  Aftereffect,  Relaxation. 

References:  see  article  on  Internal  Friction. 
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DEFORMABLE  ALUMINUM  RIVET  ALLOYS  —  alloys  compounded  for  the  fab 
ricatlon  of  rivets.  The  specific  requirements  set  forth  for  these  al- 

TABLE  1 

Guaranteed  Shear  Strength  of  Riveting 
Wire  and  Theoretical  Shear  Strength  of 
Rivets  Inserted  into  Structure 
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^Shear  resistance  of  rivets  not  deter¬ 
mined. 

2For  rivets  with  shank  diameter  1.6- 
6.0  mm. 

^For  rivets  with  shank  diameter  of 
6.  5-8. 0  nun. 
ii 

Average  value  of  shear  strength. 

a)  Alloy;  b)  3tate  of  material;  c)  TU;  d)  rac  of  wire  (kg/mm2:  not  be 

low);  e;  t  of  rivet  (kg/mm^;  not  below);  f)  ADl,  ADl)  AD;  g)  cold- 

6  r 

hardened;  h)  AMTU ;  1)  AMts ;  j)  not  heat  treated;  k)  the  ca~.r;  ]>AMg2 
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!:. )  not  heat  treated;  n)  AMg5P;  o)  annealed;  p)  D18P;  q)  tempered  and 
naturally  aged;  r)  V65;  s)  tempered  and  artificially  aged;  t)  DIP;  u) 
tempered  and  naturally  aged;  v)  Vl6P;  w)  tempered  and  naturally  aged; 
x)  D19P;  y)  tempered  and  naturally  aged;  z)  V94;  aa)  tempered  and  arti 
ficially  aged;  bb)  VAD23;  c c)  tempered  and  aged;  dd)  SAP-1;  ee)  an¬ 
nealed. 


TABLE  2 

Heat-treatment  Conditions 
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l)  Alloy;  2)  heat  treatment  of  rivets  before  insertion  in  structure; 

3)  heat  treatment  of  rivets  already  inserted  in  structure;  4}  ADI,  AD, 
AMts,  AHg2,  AMg5P,  SAP-1;  5)  none;  6)  none;  7)  DlSp;  8)  heating  tempera¬ 
ture  for  quenching  495-505° >  soaking  time  2G-30  min,  cooling  in  cold 
water,  aging  at  room  temperature  for  at  least  one  day;  9)  same;  10) 

V65;  11)  heating  temperature  for  quenching  515-520°,  soaking  time  40- 
50  min,  cooling  in  cold  water,  aging  at  75°  +  5°  Cor  2k  hours;  12)  DIP; 
14)  heating  temperature  for  quenching  495-515°,  cooling  in  water,  aging 
for  no  more  than  2  hours  after  tempering;  14)  aging  for  at  least  4  days 
at  room  temperature;  15)  D16F;  16)  heating  temperature  for  quenching 
495-505°.  cooling  in  water,  aging  for  no  more  than  20  min  after  quench¬ 
ing;  1?)  aging  for  at  least  4  days  at  room  temperature;  18)  DI9i ;  19) 
heating  temperature  for  quenching  503-508°,  cooling  ir,  water;  aging  no 
more  than  6  hours  for  rivets  1.6-5  in  diameter,  not  over  4  hour’s  for 
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rivets  5.5-6  mm  in  diameter,  not  over  2  hours  for  rivets  6.5-8  ran  in 
diameter;  specimens  of  wire  and  rivets  for  shear-strength  control  are 
aged  for  3  hours  at  100°;  20)  aging  for  at  least  5  days  at  room  temper¬ 
ature;  21)  V94;  22)  heating  temperature  for  quenching  465°  +  5°»  cool¬ 
ing  in  water;  stepwise  aging:  3  hours  at  100  ,  3  hours  at  iBS"  +5°; 

23)  no  additional  heat  treatment;  24)  VAD23;  25)  quenching  from  525*  + 
+  5*  in  water;  no  limit  on  natural  aging  time;  26)  aging  at  17O-1800 
Tor  16-12  hours. 


TABLE  3 

Typical  Mechanical  Properties  of  the  Most  Important 
Deformable  Rivet  Alloys  at  20°* 
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and  aged;  11)  D19P;  12)  V94. 


TABLE  4 


Mechanical  Properties  of  Wire  (0  8  r.m)  made  from 
Dl8P  Alloy  as  Functions  of  Heating  Temperature  and 
Time 
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TABLE  5 

Mechanical  Properties  of  Tempered  and  Aged  Wire  (* 
8  mm)  made  from  V65  Alloy,  at  Elevated  Temperatures 


O 

1)  Test  temperature  (°C);  2)  ab  (kg/mm  );  3)  t 
(kg/mm2). 


TABLE  6 

Typical  Mechanical  Properties  of  V65  Alloy  Wire 
(♦  8  mm)  In  Tensile  Test  as  Functions  of  Heating 
Temperature  and  Time 
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lng  temperature;  4)  0.  (kg/mr.2);  5)  t_„  (kg/mm2);  6)  test  at  20°  afte 
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heating  to  elevated  temperatures;  7)  kg/mm  . 


TABLE  7 

Mechanical  Properties  of  V94  Alloy  Wire  (♦ 
8  mr)  at  Low  and  Elevated  Temperatures 
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TABLE  8 

Mechanical  Properties  of  D19P  Alloy  Wire  at  Eleva¬ 
ted  Temperatures 


A)  Mechanical  property;  B)  heating  time  (hours);  C) 
test  temperature  (°C);  D)  a.  (kg/mm-);  E)  x  (kg/ 
/mm^ ) .  3  r 


TABLE  9 

Physical  Properties  of  the  Most  Important  Deformable 
Rivet  Alloys 
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TABLE  10 


Corrosion  Properties  of  the 
Most  Important  Deformable 
Rivet  Alloys* 
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SThe  corrosion  resistance 
of  rivets  made  from  all  alum¬ 
inum  rivet  alloys  is  quite 
satisfactory  in  the  anodized 
state. 

1)  Alloy:  2)  Corrosion  properties:  3)  AMg5P;  4)  high  corrosion  resis¬ 
tance;  5)  D18P;  6)  corrosion  resistance  of  rivets  is  moderate;  tendency 
to  Intergranular  corrosion  possible  on  heating  above  100°;  7)  V65;  8) 
moderately  good  corrosion  resistance;  tendency  to  intergranular  corro¬ 
sion  appears  on  heating  above  100°;  9)  V94;  10)  satisfactory  corrosion 
resistance;  11 )  D19P;  12)  moderate  corrosion  resistance;  on  heating 
from  125  to  250°,  the  tendency  to  intergranular  corrosion  is  not  as 
strong  as  in  Dl6  alloy;  13)  SAP-1;  14)  high  corrosion  resistance;  15) 
VAD23;  16)  moderate  corrosion  resistance. 


loys  -  rather  high  shear  strength  and  the  ability  to  withstand  consid¬ 
erable  cold  deformation  -  stem  from  the  conditions  tinder  which  the  riv¬ 
ets  are  fabricated  and  work  in  the  corresponding  structures.  Rivets 
made  from  these  alloys  -  whether  or  not  they  have  been  hardened  by  heat 
treatment  -  are  usually  headed  on  automatic  presses  in  an  annealed  and 
slightly  cold-hardened  state  (a  small  amount  of  cold-hardening  Is  re¬ 
cessary  for  normal  operation  of  the  heading  presses;.  Aluminum,  rivet 
alloys  hardened  ty  heat  treatment  may,  defending  on  their  composition, 
may  be  peened  either  in  the  freshly  tempered  state  (within  a  certain 
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TABLE  11 

Recommended  Fields  of  Appli¬ 
cation  of  the  Most  Important 
Deformable  Rivet  Alloys 
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1)  Alloy;  2)  field  of  application;  3)  ADI,  AD,  AMts,  AMg2;  4)  lightly 
stressed  structures  with  high  corrosion  resistance;  5)  AMg5P;  6)  medium- 
stressed  structures  of  aluminum  alloys  with  high  corrosion  resistance; 
magnesium  alloy  structures;  7)  Dl8P,  V6 3;  8)  rivets  for  stressed  struc¬ 
tures  operating  at  temperatures  not  above  100°;  9)V94;  10)  rivets  for 
heavily  stressed  structures  operating  at  temperatures  below  125°;  11) 
D19P;  12)  rivets  for  stressed  structures  operating  at  temperatures  from 
125  to  250°;  13)  SAP-1;  14)  rivets  for  structures  with  elevated  corro¬ 
sion  resistance,  working  at  temperatures  below  500°;  15)  VAD23 ;  16) 
rivets  for  heavily  stressed  structures  operating  long-term  at  tempera¬ 
tures  below  180°. 


time  after  tempering)  or  in  the  aged  state.  Difficulties  arise  in  mass 
production  with  insertion  of  rivets  In  the  freshly  tempered  state  be¬ 
cause  of  the  necessity  of  reheating  (after  the  permissible  riveting 
time  has  expired)  or  the  use  of  refrigeration  to  retard  aging.  Further, 
riveting  In  the  freshly  tempered  state  interferes  with  the  subsequent 
aging  process  and  results  in  a  certain  lovering  of  the  shear  strength 
of  rivets  that  have  been  inserted  in  the  structure.  For  mass-produc¬ 
tion  applications,  therefore,  It  is  preferable  to  use  rivets  that  can 
be  installed  in  the  aged  state.  The  shear  strength  of  installed  rivets 
made  from  these  alloys  may  be  somewhat  higher  than  that  of  the  rivet 
wire  due  to  cold-hardening  of  the  rivet  shank.  Rivets  made  from  VAD23 
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alloy  may  be  inserted  only  In  the  tempered  or  tempered  and  naturally 
aged  state;  however,  to  obtain  the  necessary  strength  after  insertion, 
rivets  of  this  alloy  must  be  given  artificial  aging  (by  heating  the  en¬ 
tire  riveted-up  unit  or  each  individual  rivet).  Occasionally,  use  is 
made  of  a  riveting  technique  in  which  both  heads  are  formed  simultan¬ 
eously  when  the  rivets  are  Inserted  into  the  structure.  Rivets  made 
from  all  aluminum  riveting  alloys  are  installed  after  anodizing  in  sul¬ 
furic  acid,  with  the  anodic  film  chromate-filled;  chromic-acid  anodiz¬ 
ing  is  also  apolied. 

The  basic  theoretical  characteristic  of  the  riveted  joint  and  the 
rivets  is  shear  strength;  the  riveted  joint  must  also  withstand  shear¬ 
ing  vibrational  loads  satisfactorily.  Rivets  work  in  tension  to  a  much 
lesser  degree.  Certain  characteristics  of  deformable  aluminum  rivet  al¬ 
loys  are  given  in  Table  1,  heat-treatment  conditions  in  Table  2  and  the 
properties  of  the  rivets  and  their  fields  of  application  in  Tables  3-H- 

Rivets  made  from  alloys  Dl8P  and  V65  are  used  most  extensively  at 
the  present  time  for  stressed  structures;  for  less  heavily  loaded  struc¬ 
tures  in  which  elevated  corrosion  resistance  is  necessary,  alloy  AMg5P 
is  employed.  Alloy  D19P  rivets  are  used  in  structures  that  will  be  sub¬ 
ject  to  heating. 

References :  Voronov,  S.M. ,  Def ormiruyemyye  alyuminiyevyye  splavy 
[Aluminum  Shaping  Alloys] ,  Moscow,  1951;  Frldlyander,  I.N.  Vysokoproch- 
nyye  def ormiruyemyye  alyuminiyevyye  splavy  [High-Strength  Aluminum 
Shaping  Alloys],  Moscow,  I960;  Teploprochnyy  material  iz  spechennoy 
alyuminiyevoy  pudry  [Hot-Strength  Material  made  from  Sintered  Aluminum 
Powder  (SAP)],  collection  of  articles  edited  by  I.N.  Frldlyander  and 
B.  I.  Matveyev,  Moscow,  1961 ;  Shilova,  Ye. I.,  Alyuminlyevyy  splav  V65 
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dlya  zaklepok  [Aluminum  Alloy  V65  for  Rivets],  Moscow,  1958. 

I. N.  Fridlyander 

Manu¬ 
script  [Transliterated  Symbols] 

Page 

No. 

1138  T7  ■  TTJ  =  tekhnicheskiye  usloviya  =*  technical  specifications 

cp  »  sr  =  sr ez  *  shear 
AMT7  *  AMTU  = 

CAII  *  SAP  *  spechennaya  alyuminiyevaya  pudra  *  sintered  alumi 
num  powder 
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DEFORMATION  -  change  in  the  relative  positions  of  points  in  a  body 
under  the  action  of  a  load,  usually  accompanied  by  changes  in  the  body's 
shape.  The  characteristic  kinds  of  deformation  of  materials  are:  elastic 
deformation,  plastic  (residual)  deformation  and  hyperelastic  deforma¬ 
tion,  the  latter  being  specific  for  nonmetals.  Deformation  may  be  homo¬ 
geneous,  if  it  is  identical  in  any  point  in  the  body,  or  nonhomcgeneous, 
which  changes  from  point  to  point.  Actual  bodies  (materials)  have  non- 
homogeneous  deformation.  A  distinction  is  made  between  linear,  two- 
dimensional,  deformation  in  which  deformation  takes  place  parallel  to  a 
certain  plane  (for  example,  pure  shear  due  to  torsion  of  a  cylindrical 
specimen),  and  volume  [deformation],  which  takes  place  in  three  direc¬ 
tions,  for  example,  in  hydrostatic  compression.  In  the  theory  of  elas¬ 
ticity  any  compound  deformation  is  characterized  by  combination  of 
linear  and  shear  (angular)  deformation.  Relative  deformation  (conven¬ 
tional)  and  true  deformation  are  determined  in  mechanical  tests  of  ma¬ 
terials;  in  tensile  testing  of  the  majority  of  materials  a  distinction 
must  be  made  between  uniform  deformation  (see  Uniform  Reduction  in  Area) 
and  concentrated  deformation  (see  Concentrated  Reduction  in  Area). 

References:  Fridman,  Ya.  B,  Mekhanicheskiye  svoystva  raetallov  [Me¬ 
chanical  Properties  of  Metals],  2nd  edition,  Moscow,  1952;  Nadai,  A., 
Plastichnost '  i  razrusheniye  tverdykh  tel  [Plasticity  and  Failure  of 
Solid  Bodies],  Translated  from  English,  Moscow,  195^. 

N.  V.  Kadobnova 
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DEFORMATION  ENERGY  —  see  Deformation  strain. 


1148 


I-84G 


* 


DEFORMATION  RATE  —  change  in  deformation  per  unit  time;  is  usually 

specified  in  terms  of  relative  deformation:  Vd  -  !;•  ,  where  e  is  the 

relative  deformation  and  t  is  the  time.  The  rate  of  relative  deforma¬ 
tion  depends  on  the  rate  of  absolute  deformation  and  the  specimen’s 

I  ril 

dimensions:  =  ]■&  *  where  1  is  the  length  of  the  specimen,  and  ^ 

is  the  rate  of  absolute  deformation.  Sometimes  the  deformation  rate  is 
characterized  by  the  rate  of  the  conventional  relative  deformation  Vu  d 
=  ^  ,  where  <5  is  the  conventional  elongation;  Vd  and  Vu  d  are  inter- 
related  by  the  relationship:  Vd  -■  v.  can  be  expressed  ln  terms 

of  the  conventional  elongation  Vd  =  ,  or  in  terms  of  the  mag¬ 
nitude  of  cross-sectional  area  reduction  f:  Vd  =  i|ln(jTl!!  . 

In  rare  cases  the  deformation  rate  can  be  specified  in  terms  of 
the  leading  rate  Vn  =  ,  where  a  is  the  stress. 

The  deformation  rate  does  not  affect  the  elastic  properties  of  the 
material.  The  resistance  to  plastic  deformation  increases  with  an  In¬ 
crease  in  the  deformation  rate.  An  increase  in  the  deformation  rate  by 
an  order  of  several  magnitudes  results  in  increasing  the  resistance  to 
plastic  deformation  by  20-60#.  The  effect  of  the  deformation  rate  is 
felt  stronger  ln  the  case  of  metals  with  a  low  melting  point,  and,  as  a 
rule,  has  a  more  perceptible  effect  on  the  magnitudes  of  resistance  to 
small  elastoplastic  deformations  (the  Increase  in  the  yield  point  upon 
increasing  the  deformation  rate  exceeds  the  increase  in  the  ultimate 
strength).  The  degree  by  which  the  deformation  rate  effects  the  mechan¬ 
ical  properties  depends  to  a  large  extent  on  the  test  temperature,  act.i- 
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vity  of  the  surrounding  medium  and  the  physicochemical  transformations 
which  take  place  in  the  process  of  deformation.  Ihe  above  conditions 
can  have  a  substantial  effect  on  the  quantitative  relationships  govern¬ 
ing  standard  tests  at  room  temperature.  Standard  mechanical  tests  are 

—4  —2  —1 

performed  in  the  interval  of  [deformation]  rates  of  10  -10  sec  , 

which  ensure  stable  values  of  properties. 

N.  V.  Kadobnova 
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DEGRADATION  “  destruction  of  molecules  of  a  substance  from  which  a 
given  material  consists.  Degradaition  produces  cuttings  of  molecules, 
most  frequently  free  radicals  or  ions  the  high  activity  of  which  is  the 
cause  of  many  chemical  processes  which  accompany  the  original  act  of 
degradation.  Of  greatest  importance  among  these  processes  are  chain  re¬ 
actions,  a  part  of  which  produces  further  degradation  of  the  material. 

The  destruction  of  intermole cular  bounds  is  not  degradation,  since  it 
is  reversible.  Degradation  is  of  substantial  importance  for  polymeric 
materials,  plastics,  rubbers,  fibers,  etc.,  particularly  in  the  case 
when  a  chain  molecule  is  broken  up.  This  degradation  changes  substan¬ 
tially  the  weight  of  the  polymer,  the  latter  being  one  of  the  main 
characteristics  which  determine  the  ensemble  of  its  physical  proper¬ 
ties.  Degradation  of  a  polymer  with  attendant  detachment  of  its  side 
groups  but  without  disturbing  the  continuity  of  the  chain  molecule  has 
a  lesser  effect  on  the  material's  properties  (if  we  compare  results  of 
disintegration  of  equal  numbers  of  chemical  bounds).  Deep  degradation  up 
to  the  formation  of  a  monomer  or  of  substances  close  to  the  monomer, 
that  is,  depolymerization,  is  observed  in  a  number  of  cases  of  pyroly¬ 
sis  and  radiolysis  of  polymers.  These  reactions  are  characteristic  of 
polymers  containing  a  fourth  carbon  atom,  for  example,  of  polymethyl - 
metacrylate,  polystyrene,  polyiscbutylene,  etc.  Less  extensive  degrada¬ 
tion  usually  takes  place  attendant  to  mechanical  actions  on  the  material, 
that  is,  static  and  dynamic  effects  (fatigue).  Strong  actions,  for  ex¬ 
ample,  ultrasound  effects,  may  also  produce  deep  degradation.  Mechani¬ 
cal  degradation,  which  is  accompanied  by  chemical  processes  such  as  oxi- 
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dation,  cross  linking,  is  a  part  of  mechanical  chemistry.  Degradation, 


alongside  with  cross  linking  is  the  main  cause  of  aging  of  polymeric 
materials,  since  directly  and  indirectly,  by  means  of  transformations 
which  it  brings  about,  it  results  in  changing  the  molecular  structure 
of  the  material.  It  follows  from  this  that  resistance  to  degradation 
is  substantial  requirement  to  the  service  properties  of  materials.  On 
the  other  hand,  degradation  is  used  industrially  to  impart  the  required 
properties  tc  materials  (for  example,  plasticization  of  raw-material 
rubber  in  the  production  of  rubber)  or  to  obtain  new  substances  (hydro¬ 
lysis  of  timber,  pyrolysis  of  old  rubber,  etc.  ).  The  basic  physical 
agents  of  degradation  are  heat,  radiant  energy  and  mechanical  effects. 
The  first  is  of  general  significance  while  the  others  are  more  specific. 
Each  material  has  its  limiting  temperature  above  which  degradation 
starts.  The  resistance  of  materials  is  quite  varied.  Thus,  polyvlnyli- 
denechloride  is  subjected  to  thermal  degradation  at  temperatures  as 
low  as  80°,  certain  pol/aromatic  hydrocarbons  can  withstand  tempera¬ 
tures  of  1000°  and  more  without  degradation.  Ihe  effect  of  radiant 
energy  is  also  determined  by  the  molecular  structure  of  the  substance. 
Ihe  most  important  of  chemical  degradation  agents  are  oxygen  and  ozone 
(degradation  of  rubbers,  plastics,  fibers),  wate^  (hj  rolitic  degrada¬ 
tion  of  cellulose,  protein  fibers,  etc. ),  sulfornating  agents,  etc. 

(see  Resistance  to  Atmospheric  Effects,  Ozone  Resistance  of  Polymeric 
Materials,  Aging  of  Polymeric  Materials).  The  determination  of  the  de¬ 
gradation  temperature,  that  is,  of  the  temperature  limit  of  the  poly¬ 
mer's  or  polymeric  material's  resistance,  presents  certain  difficulties, 
since  products  of  degradation  can  bring  about  a  chain  reaction  which 
appreciably  accelerates  the  degradation  proper.  The  degradation  temper¬ 
ature  varies  fr  r  moderate  temperatures,  for  example  80*  (polyvinyli- 
dene  chloride)  and  I'-lr0°  (polyvinyl  chloride)  to  400°  (polyfluoro- 
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ethylene)  and  higher  (polyphenylenes,  etc. ).  Polyorganosiloxanes  and 
particularly  chelate  organoraetallic  polymers  are  distinguished  by  their 
high  degradation  temperatures,  which  comes  close  to  800-1000°.  The  rate 
of  degradation  is  important  in  practice ;  the  degradation  temperature 
depends  on  this  rate  and  on  the  duration  during  which  the  given  mater¬ 
ial  is  subjected  to  the  high  temperature. 

References:  Grassy,  N. ,  Khimiya  protsessov  destruktsii  polymerov 
[Chemistry  of  Polymer  Degradation  Processes].  Translated  from  English, 
Moscow,  1959;  Bilmeter,  F. W. ,  Vvedeniye  v  khimiyu  i  tekhnologiyu  poli- 
merov  [Introduction  to  the  Chemistry  and  Technology  of  Polymers].  Trans¬ 
lated  from  English,  Moscow,  1959;  Kobeko,  P.  P. ,  Amorfnyye  veshchestva 
[Amorphous  Substances] ,  Moscow-Leningrad,  1952;  Berlin,  A. A.,  "UKh," 

Vol.  29,  Issue  10,  page  1189,  i960;  Losev,  I.  P.  and  Trostyanskaya,  Ye.  B. , 
Khimiya  sinteticheskikh  polimerov  [Chemistry  of  Synthetic  Polymers], 
Moscow,  I960;  Andrianov,  K. A. ,  in  the  collection  Khimiya  i  tekhnologiya 
polimerov.  Materialy  Mezhdunarodnogo  simpoziuma  po  makromolekulyamoy 
khimii  [Chemistry  and  Technology  of  Polymers.  Materials  of  the  Inter¬ 
nationa  Symposium  on  Macromolecular  Chemistry],  No.  7-6,  pages  26-^1, 
Moscow,  1^60. 


N.  N.  Lezhnev 
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DEGREE  OP  BLACKNESS  -  the  ratio  of  the  quantity  of  radiant  energy 
E  emitted  per  unit  surface  area  by  a  body  at  a  definite  temperature  T 
to  the  quantity  of  energy  EQ  emitted  per  unit  surface  area  by  an  abso¬ 
lutely  black  body  at  the  same  temperature  (E  is  the  so-called  radloac- 

2  2 

tivlty  and  is  measured  in  watts/cm  or  kcal/m  -hr). 


TABLE  1 

Spectral  Blackness*  (e^)  for 

Metals  and  Alloys  with  Unox- 
ldized  Surfaces  at  \  =  0. 65  u 


1 

Mow  04  turn 
ciuut 


B 

MCntNUNN 


t  H 

'  C-h- 

2  J 


1  II.1M*  I  Hit 

•  Mirarjo 
Hiuiini 
>  I  lU'HJHd 
iaHrrpnO 
I  j  tia&t.n-  ’ 


14  Mapraii  n 
IlHrJ. 

14  M<uitfi  w*i 

1  ?  H 

nn.jui  ite 

J  |  PlVl»» 

ll&prti-' 

JlTj.-nj 

l*~tnt 

2  51 

2*  V|4t 


4  Mfxilaw 


0  6 1 
i> .  35 

o .  n 

u  35 
v.f  4 
ft  ,3n 
0.15 
0.36 
0.59 
0.10 
0  .  »7 
o.  JC 
il  .37 
0.33 
0 . 30 
0.24 
0.  fi  7 
0,4  9 
o.4l 
0  .16 
0  5  4 


i 


i  I.  8  I  I  I  M 


,  0.37 

!  i»'\  «  i  ! 

1 

j  I  Jt  >««**— I  ®  2- 

I  j  >«.  j 

2f*.  i‘r%  5* 

IJ  IU *  ! 

| 

|  I  %  1410  1  1,  4 

)4  f'l.H  {  ^  5 

*»  Myr>*  l,  0  57 

i  ... 


n.«i 
ft.  32 

0.1? 

0.22 

".35 
0.3? 
D.5* 
0.15 
U.40 
0.37 
0.40 
0.3? 
0.36 
o  .30 
0 .  j? 

©j!* 

ft  4  it 

0.34 

0.3* 


i 

i 

i 

i 

i 


ft  3? 
0  .  40 


* -These  figures  are  fcr 
the  high-temperature  region. 

I)  Metal  or  alloy;  2)  in  solid  state;  3)  i"  molten  state;  4)  metals; 
5)  alloys;  6)  beryllium;  ")  vanadium;  8j  tungsten;  9)  iron;  10)  gold; 

II)  indium;  12)  yttrium;  13)  cobalt;  14,  manganese;  15)  oopper;  16) 
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molybdenum;  17)  nickel;  18)  niobium;  19)  paladlum;  20)  platinum;  21) 
rhodium:  22)  silver;  23)  tantalum;  24)  titanium;  25)  thorium;  26)  uran¬ 
ium;  27)  chromium;  28)  zirconium;  29)  alumel  (95$  N1 ) ;  30)  constantan 
(55%  Cu,  45$  Nl);  31)  monel  metal;  32)  nichrome  (80$  Nl,  20$  Cr) ;  33) 
platinum- rhodium  (90$  Pt,  10$  Rh);  34)  steel;  35)  pig  Iron. 
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*For  metals  and  alloys  with  polished  surfaces  these  values  of  r 

n 

correspond  to  heating  In  a  nonozldizing  medium;  linear  Interpolation 
can  be  used  to  determine  the  Intermediate  values  of  e  within  the  in¬ 
dicated  temperature  ranges.  n 

l)  Material;  2)  surface  condition;  3)  temperature  range,  °C;  4)  A00 
aluminum;  5)  aluminum  alloys;  6)  Dl6;  7)  A*?g6 ;  8)  Dl6;  9)  BraZh.9-4  alum 
inum  bronze;  10)  tungsten ;  11)  Iren;  12)  gold;  13)  cadmium;  14)  cobalt; 
15)  L68  brass;  16)  the  same;  17)  magnesium  alloys;  18)  Mafi;  19)  type 
MA2 ;  20)  solid  copper:  21)  molten  copper:  22)  molybdenum:  23)  nickel; 
24)  nickel  alloys;  25)  El435;  26)  EIS68;  27)  niobium;  26)  chemically 
polished;  29)  after  anodic  oxidation  (layer  15  u  thick);  30)  polished; 
31)  oxidized  at  920°  for  1  hr  (air  atmosphere);  32)  oxidized  at  600°; 
33)  anodized  (layer  40  p.  thick);  34)  oxidized  at  900°;  35)  oxidized  at 
120C 0  for  1  hr;  36)  oxidized  at  1200°;  37)  tin;  38)  platinum;  39)  mer¬ 
cury;  40)  lead;  4l)  silver:  42)  steel;  43)  type  St.  10;  44)  tyre 
KhlbK9T;  45)  type  EP26;  46)  type  EI92£;  47)  type  EI401 ;  48)  tantalum; 
49)  titanium:  50)  chromium  (cast);  5l)  zinc;  5<_)  asbestos  bcB  rd ;  53) 
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white  paper;  54)  water  (layer  more  than  0.1  mm  thick);  55)  type  0M3 
graphite;  5 6)  fused  quartz;  57)  brick;  58)  firebrick;  59)  Dinas  brick; 
60)  corundum  brick;  61)  magnaslte  brick;  62)  oil  paints  of  various  co¬ 
lors;  63)  lacquers  of  various  colors;  64)  bakelite  lacquer;  65)  soot 
and  molten  glass;  66)  glass;  67)  enamels  (silicate,  type  EV-55/;  68) 
unoxidized;  69)  lustrous;  70)  oxidized  at  200°;  71)  rough. 

The  degree  of  blackness  is  often  referred  to  as  the  relative  ra¬ 
diative  capacity;  it  has  no  dimension  and  is  a  measure  of  the  capacity 
of  a  given  body  to  emit  radiant  energy.  We  can  distinguish  the  black¬ 
ness  of  full  radiation  e,  i.e.,  that  of  radiation  over  the  entire  wave¬ 
length  range  of  the  electromagnetic  spectrum  from  X  =  0  to  X  =  «>,  and 
the  blackness  of  monochromatic  radiation  over  a  very  narrow  range  of 
wavelengths  from  X  to  X  +  dX,  which  is  the  so-called  spectral  blackness 
and  is  designated  as  e?  (Table  l).  The  spectral  blackness  Is  defined 
by  the  equation  =  E^/EqX,  whe^e  \  and  EQX  are  the  spectral  radla- 
tivlties  of  the  body  in  question  and  of  an  Absolutely  black  body,  res¬ 
pectively. 

The  blackness  of  full  radiation  e  Is  generally  used  for  solving 
practical  problems  in  the  field  of  radiative  heat  exchange.  The  spec¬ 
tral  blackness  -s  employed  in  research  on  molecular  structure  and 
analytic  investigations  in  organic  chemistry,  for  temperature  measure¬ 
ments  with  optical  pyrometers,  etc.  Many  real  bodies,  particularly  po¬ 
lished  metals,  do  not  obey  Lambert's  law  (see  Thermal  radiation)  and 
their  energy  intensity  along  the  perpendicular  to  the  radiating  sur¬ 
face  differs  from  that  in  directions  Inclined  to  this  surface.  It  is 
consequently  necessary  to  distinguish  the  blackness  of  full  normal  ra¬ 
diation  en  (Table  2),  for  radiation  along  the  perpendicular  to  the  sur¬ 
face,  from  the  blackness  of  full  hemispheric  radiation  e>  for  hemis¬ 
pheric  radiation  (radiation  in  the  hemisphere  above  the  radiating  sur¬ 
face).  In  polished  metals  the  blackness  of  normal  radiation  is  usually 
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somewhat  less  than  that  of  hemispheric  radiation  (this  difference  is 
small  and  is  often  neglected  in  practice). 


The  degree  of  blackness  characterizes  a  body's  ability  to  emit  or 
absorb  radiant  energy.  At  any  temperature  the  absorptive  capacity  of  a 
body  increases  with  its  radiative  capacity.  The  blackness  for  mono¬ 
chromatic  radiation  at  a  given  temperature  is  n-imerically  equal  to  the 
absorption  factor:  =  (T)  =  (T).  Strictly  speaking,  this  is  valid 

only  for  absolutely  Grey  bodies  in  the  case  of  full  radiation;  in  prac¬ 
tice  it  is  assumed,  with  a  certain  degree  of  inexactness,  that  6  - 
for  all  bodies  with  characteristics  similar  to  those  of  grey  bodies, 
i.e.,  for  the  majority  of  structural  and  heat-insulating  materials, 
oxidized  metals,  etc.  In  all  other  cases,  e.g. ,  for  polished  metals, 
the  absorption  factor  a  also  depends  on  the  characteristics  and  temper¬ 
ature  of  the  radiating  body  participating  in  heat  exchange. 

The  blackness  cf  real  solids  depends  on  the  nature  of  the  body, 
its  temperature,  the  condition  of  its  surface,  the  thickness  of  the 
radiating  layer,  etc. ,  the  blackness  of  a  body  whose  surface  is  in  an 
unspecified  state  is  consequently  not  a  characteristic  of  che  substance 
composing  the  body.  Carefully  polished  specimens  opaque  to  thermal  ra¬ 
diation  are  used  to  determine  the  blackness  of  a  substance.  Unoxidized 
metals  ar^  alloys  generally  exhibit  a  low  degree  of  blackness,  which  is 
substantially  raised  by  even  slight  surface  oxidation.  Heating  somewhat 
increases  the  e  of  metals,  oxides,  Borides,  Carbides,  Slllcldes,  etc.  , 
exhibit  comparatively  high  values  of  E,  which  decrease  on  heating  in 
the  majority  of  cases.  Solids  have  minimal  blackness  when  polished, 
while  surface  roughness  leads  to  an  Increase  in  blackness.  The  degree 
of  blackness  is  determined  experimentally. 


References:  MacAdams,  V.G. ,  Teploperedacha  [Heat  Transfer],  trans- 
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lated  from  English,  Moscow,  196I;  Metody  izmereniya  tempera tury  [Tem¬ 
perature-Measurement  Methods],  collection  of  articles  edited  by  V.  A. 
Sokolov,  Pt.  1-2,  Moscow,  1954;  Issledovanlya  pri  vysokikh  temperaturakh 
[Research  at  High  Temperatures],  (Tr.  Mezhdunar.  slmpoziuma  po  issledo- 
vanlyam  v  oblast!  vysokikh  temperatur  [Transactions  of  an  International 
Symposium  on  Research  in  the  High-Temperature  Region]),  translated  from 
English,  Moscow,  1962;  Mikheyev,  M.A. ,  Metody  opredeleniya  koeffit- 
aiyentov  lucheispuskaniya  tverdykh  tel  [Methods  of  Determining  the  Ra- 
diation-Bnission  Coefficients  of  Solid  Bodies],  Zhurnal  tekh.  fiz. 
[Journal  of  Technical  Physics],  1933,  Vol.  3,  No.  5,  pages  698-7H; 
Blokh,  A. G. ,  Osnovy  teploobmena  izlucheniyem  [Principles  of  Radiative 
Heat  Exchange],  Moscow-Leningrad,  1962;  Handbook  of  Chemistry  and  Phy¬ 
sics,  37  Ed.,  Cleveland,  1955-56;  Handbook  of  Thermophysical  Properties 
of  Solid  Materials,  Vol.  1,  N.Y. ,  1961;  See  also  the  references  to  the 
articles  entitled  Absolutely  Black  Body  and  Thermal  Radiation. 

A. I.  Kovalev 
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DELAYED  FRACTURE  -  fracture  of  a  component  at  a  definite  time  af¬ 
ter  initial  loading  (tightening  of  bolts  or  springs,  bulbs  under  con¬ 
stant  pressure,  welded  assembles  with  internal  stresses,  etc.)  without 
any  increase  in  the  load.  Delayed  fracture  is  associated  with  the  "re¬ 
laxation"  of  quenched  steel  (strength  and  plasticity  increase  during 
post-quenching  aging  at  20°).  Strength  during  delayed  fracture  is  us¬ 
ually  less  than  the  short-term  strength  of  the  same  components,  while 
the  fracture  itself  is  more  brittle  and  cracks  propagate  slowly  under 
low  stresses.  The  culmination  of  delayed  fracture  often  has  an  explo¬ 
sive  character,  as  when  part  of  a  tightened  bolt  "shoots  off"  with  a 
great  deal  of  kinetic  energy  on  completion  of  fracture.  Delayed  frac¬ 
ture  has  been  observed  in  various  steels  with  a  martensitic  structure 
(quenched  and  low-temper),  in  certain  nonferrous  metals,  and  in  plas¬ 
tics,  silicate  glasses,  porcelain,  etc.  This  type  of  fracture  is  facil¬ 
itated  by  nonuniformity  of  stressing  (notches,  cracks,  warping,  etc. ) 
and  by  structural  nonuniformity  and  heterogeneity  (e.g. ,  quenching  of 
steel  without  subsequent  annealing,  overheating  during  quenching,  ab¬ 
sorption  of  hydrogen  by  steel,  selective  corrosion  of  glass,  etc.). 
Nonuniformity  of  stressing  and  structure  causes  temporal  and  quantita¬ 
tive  Inequalities  in  the  development  of  plastic  deformation  in  differ¬ 
ent  regions  of  the  body.  This  leads  to  deloading  of  certain  zones  and 
to  overloading  and  subsequent  cracking  in  others.  Delayed  fracture  is 
caused  by  distortions  near  the  grain  boundaries.  In  many  cases  this 
type  of  fracture  is  intensified  by  or  develops  under  the  action  of  cor¬ 
rosive  and  surface-active  media.  Delayed  fracture  is  facilitated  by  any 
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Increase  in  the  elastic  energy  of  the  stress  system;  for  example,  such 
fracture  occurs  for  the  most  part  in  bolts  used  to  fasten  units  with 
low  Rigidity,  i.e. ,  with  a  larger  store  of  elastic  energy.  Conversely, 
delayed  fracture  usually  does  not  occur  when  steel  bolts  are  tighened 
against  a  rigid  steel  plate,  since  the  slight  elongation  of  the  bolt 
leads  to  considerable  deloading.  Delayed  fracture  is  reproduced  in  the 
laboratory  by  artificial  embrittlement  (as  by  absorption  of  hydrogen) 
of  the  component  or  by  introducing  an  initial  warp  with  skew  washers. 

In  order  to  reduce  the  tendency  toward  delayed  fracture  it  is  necessary 
to  increase  and  maintain  uniformity  of  mechanical  state  and  to  reduce 
stored  elastic  energy  (see  Stored  elastic  energy).  In  order  to  do  so 
one  must  avoid  brittle  surface  layers  (resulting  from  hydrogen,  oxygen, 
or  carbon  saturation,  the  superficial  action  of  selective  corrosive  or 
adsorptive  agents,  or  extreme  superficial  cold  working)  and  residual 
tensile  stresses  and  eliminate  and  reduce  Stress  concentrators  (notches, 
bends).  Creation  of  softened  surface  layers  (as  by  high-frequency  lo¬ 
cal  tempering)  reduces  susceptibility  to  delayed  fracture. 

References:  Zilova,  T.K.  and  Fridman,  Ya.B. ,  in  collection:  Vopro- 
sy  prochnosti  materialov  i  konstruktsiy  [Problems  of  the  Strength  of 
Materials  and  Structures],  Moscow,  1959;  Shurakov,  S.S.,  in  collection: 
Metallovedeniye  [Metalworking],  No.  1-4,  Leningrad,  1957-61. 

Ya.B.  Fridman 
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DELTA  WOOD  -  see  Laminated  Wood  Plastics. 
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DEPTH  OP  CURVATURE  —  the  linear  displacement  of  points  on  a  shaft 
or  rod  in  the  area  of  greatest  curvature  under  the  action  of  a  bending 
load;  the  depth  of  curvature  characterizes  the  deformation  during  bend¬ 
ing  and  depends  on  the  magnitude  and  application  mode  of  the  bending 
load,  the  distance  between  supports,  the  support  setup,  and  the  cross- 
sectional  size  and  shape  of  the  shaft  or  rod.  It  can  be  determined  by 
calculation  or  experimentally  (using  dial  indicators,  cathetometers, 
etc. ). 

N.V.  Kadobnova,  D.M.  Shur 


1162 


I- 19a 


DIAMOND  (in  engineering)  -  a  mineral  of  the  class  of  naturaj.  ele¬ 
ments,  the  cubic  modification  of  carbon,  in  the  varieties:  bort,  ballas, 
carbonado.  Diamond  is  encountered  in  the  form  of  crystals  of  the  octa¬ 
hedral,  rhombododecahedral,  cubic  and  tetrahedral  habits.  Concretions, 
irregular  shapes,  compressed  and  elongated  crystals  with  rounded  edges 
and  faces  are  characteristic.  Complex  sculptures  are  frequently  ob¬ 
served  on  the  faces.  Bort  is  a  fine-  or  coarse-grained  diamond  of  ir¬ 
regular  shape,  sometimes  with  a  coarse-  or  monocrystalline  nucleus.  We 
distinguish  between  ordinary  bort,  magnetic  bort  (stewartite) ,  hail¬ 
stone  bort,  shotbort  and  frames ite.  Ballas  is  a  fine-grained  dense  dia¬ 
mond  of  spherical  shape,  sometimes  with  radiate-fibrous  structure.  Car¬ 
bonado  is  a  very  dense  aggregate  of  microscopic  diamond  grains  with 
rounded  and  irregular  shape,  usually  dark  and  opaque,  with  an  enamel- 
like  surface;  it  is  sometimes  porous  and  slag-like. 

Diamond  always  has  impurities  of  Si,  Al,  Mg,  Ca  and  Fe;  sometimes 
we  find  Ti,  Cr,  Cu,  Ba,  Sr,  B,  N  and  others.  Diamond  leaves  an  ash  on 
burning;  the  ash  content  in  colorless  diamond  is  negligible  (from  tra¬ 
ces  to  0. 02-0. 03%) ;  certain  varieties  of  bort  (magnetic  bort)  contain 
20$  ash.  The  specific  gravity  of  ridges  3*52;  for  bort  it  is  3. 40-3* 53 
and  for  carbonado  3*016-3.416.  The  Mohs  hardness  is  10;  the  absolute 
hardness  ranges  from  3500  to  6950  (for  comparison:  2150  for  carborundum, 
1650  for  corundum,  1250  for  topaz);  the  microhardness  (Khrushchev)  is 

O 

10,060  kg/mm  .  The  hardness  is  greatest  at  the  oeathedron  [111],  inter¬ 
mediate  at  the  rhombododecahedron  [110]  and  minimal  on  the  cube  [100]. 

-6  2 

The  coefficient  of  volume  compressibility  is  0. 16-0. 18  x  10  kg/cm  . 
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The  ultimate  bending  strength  is  21-49  kg/mm  .  The  tensile  strength 
(theoretical)  is  790,000  kg/cm  .The  bulk  compression  modulus  is  5*7- 
6.3*10°  kg/cm  .  The  elastic  modulus  parallel  to  the  fourth-order  axis 
(L4)  Is  7.4  •10^  kg/cm^,  that  on  the  third  order  (L^)  is  10.5*10^  and 
that  for  the  second  order  (Lg)  is  9.5  x  10^.  The  melting  point  of  dia¬ 
mond  ia  unknown.  Diamond  burns  in  air  at  850°,  in  a  stream  of  oxygen  at 
720°,  and  it  is  graphitized  in  a  vacuum  at  1500°  (heat  of  transition 
454  +  30  cal).  The  heat  of  combustion  of  diamond  in  air  is  95*505  cal/ 
mole.  The  thermal  conductivity  in  watts •crrT1  .degree-1  is  1. 210-1. 630  at 
0°  and  1.340-1.720  at  72°  The  thermal  expansion  at  28-105°  is  1.45*10“6. 
The  coefficient  of  linear  expansion  at  298. 6°K  is  1.06»10-^;  the  volu¬ 
metric  expansion  coefficient  is  2.97*10"^.  The  atomic  specific  heat  at 
27°  is  1.4805  cal/g-atom/de^i-tc.  Diamond  may  be  colorless,  white  (milk), 
yellow,  brown,  cinnamon,  pink,  violet,  green,  blue,  indigo,  gray  to 
black.  Synthetic  diamonds  are  colored  by  exposure  to  radium  rays  or 
bombardment  by  neutrons  and  other  particles  in  cyclotrons  and  reactors; 
colorless  diamonds  then  become  green,  pink,  red,  etc.  The  refractive 
index  of  diamond  is  2.4195  (in  sodium  light).  Diamond  has  a  very  dis¬ 
persion  of  O.O63  (2.465  in  violet  light  and  2.402  in  red  light). 

Two  types  of  diamond  are  distinguished  on  the  basis  of  certain 
physical  properties.  Diamowd  of  type  1  is  opaque  to  ultraviolet  wave¬ 
lengths  shorter  than  3000  A,  luminesces  in  ultraviolet  light  and  ab¬ 
sorbs  frequencies  from  4-5  and  8-10  p,  in  the  infrared  spectrum;  it  is 
a  poor  conductor  of  electricity;  on  bombardment  by  a-particles,  pulse 
conductivity  is  excited  in  it  (as  is  not  the  case  on  ^-bombardment) ; 
diamond  of  type  2  is  transparent  to  ultraviolet  to  2250  A,  does  not 
luminesce  in  ultraviolet  light  and  absorbs  only  the  4-5-u  frequencies 
in  the  infrared  spectrum.  It  is  electrically  conductive  to  varying  de¬ 
grees;  on  y- irradiation,  an  electric  cuirent  is  excited  in  it,  while 
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bombardment  by  a-partlcles  excites  pulse  conductivity  only  partially 
(usually  in  Isolated  zones  of  the  crystal). Diamond  of  type  2  may  be 
used  in  the  design  of  radioactivity  counters.  The  resistivity  of  dia¬ 
mond  at  15°  ranges  from  3 •10^^  to  5*10^  ohms»cm.  Diamond  is  paramagne¬ 
tic;  its  susceptibility  is  49*10^.  The  dielectric  constant  is  5.65  for 
type  1  diamond  and  5«70  for  type  2  diamond.  Diamond  is  a  hydrophobic 
mineral  whose  surface  is  poorly  wetted  by  water,  so  that  it  has  the 
ability  to  adhere  to  fats  —  something  that  is  exploited  together  with 
x-rays  and  electroseparation  to  extract  diamond  from  concentrates.  Dia¬ 
mond  does  not  etch  in  acids;  it  corrodes  in  fused  soda,  NaOH,  KHSO^, 
NaNO^  and  other  substances. 

Synthetic  diamond  has  been  produced  since  1955  from  a  carbon  com¬ 
pound,  which  is  placed  in  a  chamber  and  subjected  to  high  temperature 

p 

(1200-2000°)  and  a  pressure  above  80,000  kg/cm  .  The  first  synthetic 
diamonds  were  less  than  0.1  carat  in  size;  crystals  up  to  1  carat  have 
been  produced  recently. 

Industrial  uses  of  diamond  are  as  follows:  l)  In  the  form  of  whole 
crystals  and  grains  in  crown  drills  for  drilling  hard  rock  (crystals 
ranging  in  size  from  0.5  vo  2  carats,  in  fine-diamond  crown  drills, 
fine  crystals  down  to  150  per  1  carat,  shotbort,  bort,  ballas  and  car¬ 
bonado).  2)  Ground-off  diamonds,  O.5-O.8  carat  and  over,  with  sharp 
cutting  edges,  in  cutting  tools  for  finish  machining  the  surfaces  of 
exponents  made  from  superhard  alloys,  as  well  as  aluminum  alloys, 
bronze,  babbitt,  copper,  brass  and  other  metals.  Further,  diamond  cut¬ 
ting  tools  are  used  to  work  on  plastics, mica,  carbide  tools,  ceramics, 
organic  glass  and  the  like.  Elongate  diamond  crystals  or  plates  cut  out 
of  then,  specifically  for  the  purpose,  in  diamond  drills  for  drilling 
holes  in  corr.pcnrnts ,  optical  glasses,  technical  Jewels,  and  the  like. 

4)  Diamond  crystals  with  sharp  artificial  or  natural  edges  from  0.15 
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carat  up  for  machining  and  truing  grinding  wheels  made  frcm  carborundum, 
corundum  and  other  abrasives.  5)  High-quality  diamond  crystals  from 
0.16  to  0.60  carat  in  measuring  and  precision  instruments:  step  bear¬ 
ings  in  marine  chronometers,  profile  gauges,  hardness  gauges  (Rockwell 
cone  hardness  gauge;  Vickers  pyramid  hardness  gauge;  Khrushchev  and 
Berkovich  microhardness  gauges;  AB-1  instrument  for  determining  hard¬ 
ness  by  the  elastic  recovery  method,  etc.).  6)  High-quality  diamond 
crystals  from  0.15  carat  on  up,  in  drawing  dies  for  drawing  extremely 
fine  wire  from  tungsten,  chrome-nickel  steel,  copper,  brass  and  other 
metals.  The  silk  threads  of  parachute  cloth  are  polished  through  dia¬ 
mond  drawing  dies.  7)  Pine  diamonds,  from  0.02  to  0.2  carat  in  glazier's 
glass-cutting  ;ools,  as  well  as  in  engraving  styil  used  for  dividing 
microscopic  measuring  scales  and  grids  in  optical  and  spectrographlc 
instruments.  8)  Pine  low-grade  crystals  ranging  in  size  from  3  to  800 
per  1  carat,  in  various  types  of  diamond  pencils  for  dressing  grinding 
wheels,  machining  metallic  components,  etc.  9)  Finely  divided  diamond 
(powder,  dust)  for  dressing  diamond  dish  saws,  the  steel  punches  used 
to  make  drawing  dies,  for  grinding  metallic  components,  optical  lenses, 
glass  and  mirrors;  in  Jewelry  for  sawing  and  faceting  dif-ncnds  and  oth¬ 
er  precious  stones  (jewels),  as  well  as  for  machining  hard  cost  me  jew¬ 
els  (jasper,  nephrite,  jadeite,  agate,  etc.  ).  Diamond  saws  are  us^d  to 
cut  optical  glass,  quartz  crystals,  corundum,  silicon  and  germanium., 
which  are  used  as  end  plates  arid  other  components  in  clockwork  mechan¬ 
isms,  radio  engineering,  ultrasonic  generators,  ir.  Instruments  used  to 
measure  mechanical  forces,  and  so  forth. 

The  quality  requirements  for  diamonds  will  be  found  in  the  appro¬ 
priate  technical  specifications,  according  to  the  field  of  application 
In  question.  The  number  of  diamonds  mined  and  the  market  for  them  are 
increasing  year  by  year.  Of  all  the  diamonds  mined  each  year,  S3— : X# 
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are  used  in  Industry.  The  production  and  industrial  use  of  synthetic 
diamonds  are  also  on  the  rise.  Since  1957  >  synthetic  diamonds  have  been 
produced  on  an  industrial  scale. 

References :  Mineraly.  Siravochnik  [Minerals.  A  Handbook],  Vol.  1 
Moscow,  I960;  Trofimov,  V.S.,  Resursy  almazov  v  zarubezhrykh  stranakh 
[Diamond  Reserves  in  Foreign  Countries],  Moscow- Leningrad,  1947  (Miner¬ 
al1  nyye  resursy  zarubezhnykh  stran  [Mineral  Resources  of  Foreign  Coun¬ 
tries],  No.  7);  Mlndlin,  Ya.B. ,  Vazhneyshiye  o>>lastl  primeneniya  tekh- 
nicheskikh  almazov  [Major  Fields  of  Application  of  Industrial  Diamonds] 
in  book  entitled:  Sbornik  materialov  po  tekhnlcheskoy  lnformatsil  1  ob- 
r.enu  opytom  [Collection  of  Material  for  Technical  Information  and  Ex¬ 
change  of  Experience],  No.  54,  Moscow,  1957* 


Yu.  L.  Orlov 


DIASPORE  —  a  mineral,  natural  hydrous  aluminum  oxide.  Diaspore 
forms  thin  lamellar  and  tablet-like  crystals;  usually  it  forms  foliate 
and  thin  scaly  aggregates.  The  color  of  diaspore  is  white,  yellowish, 
greenish-gray.  Mohs  hardness  6-7,  brittle.  Specific  weight  3*  3-3*  5*  Is 
not  soluble  in  acids  ar.1  alkalis,  it  decomposes  in  ^SO^,  after  inten¬ 
sive  calcination.  At  a  temperature  of  450-510°  (depending  on  the  source) 
diaspore  becomes  corundum.  Diaspore  Is  encountered  in  nature  primarily 
in  bauxites  with  a  content  (in  industrially  worked  deposits)  of  46-85$. 
The  chemical  composition  of  calcined  concentrate  of  diaspore  of  ores  of 
the  Ak-Tash  deposit  ($  by  weight)  is:  70-72  of  Al^O^,  20  of  SiC>2,  the 
total  amount  of  fusing  agents  is  3-3*5 

Diaspore  is  used  as  a  raw  material  in  the  production  of  silicate- 
aluminum  alloys  together  in  sillimanite,  andalusite  and  kyanite ,  and 
also  in  the  production  of  high-silio.r  refractories,  sometimes  together 
with  corundum,  the  refractoriness  of  which  comprises  l800-l850o.  After 
dehydration,  as  in  the  case  of  other  varieties  of  bauxities,  diaspore 
is  used  as  an  adsorbent  in  the  removal  of  sulfur  from  petroleum,  puri¬ 
fication  of  beet  sugar  (as  a  replacement  for  dlatomite),  etc.  The  most 
important  forms  of  diasporite  utilization  (in  bauxites)  are:  production 
of  metallic  al'iminum,  artifiejal  abrasives  (electrical  corundum),  quick¬ 
setting  aluminum  oxide  cements. 

References:  Trebovaniya  ^romyshlennosti  k  kachestvu  mineral 'nogo 
syr'ya,  [Industrial  Requirements  Put  to  the  Quality  of  Mineral  Raw  Ma¬ 
terials],  Issue  35-  Rozhkova,  Ye.V.  ,  Bernshteyn,  V.  A.  and  Lyubomov, 

A. L. ,  Boksit  [Bauxite],  Moscow,  1947;  Budnikov,  P.  P.  [ et  al. ],  Tekhno- 
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logiya  keramiki  i  ogneuporov  [Technology  of  Ceramics  and  Refractories], 
3rd  edition,  Moscow,  1962. 

P.  P,  Smolin 
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DIATOMITE  —  loose  or  dense  rock  consisting  primarily  of  hollow 
shells  of  microscopic  (1-10  microns  in  diameter)  organisms  (diatoms)  of 
hydrate  aluminum  oxide  (opal)  composition;  usually  contains  an  admixture 
of  argillaceous  and  sanay  material.  Gaize  and  trlpoli  are  close  by  com¬ 
position  and  utilization  to  diatomite,  differing  from  it  by  the  absence 
or  small  quantity  of  various  remains  of  organisms  and  lower  degree  of 
hydration  of  the  alumina  particles.  The  color  is  white,  yellowish, 
gray.  Chemical  composition  (*  by  weight):  55-95  Si02,  0.1-10.5  A120^, 
0.2-10.0  Fe20^,  0.2-4. 0  CaO+MgO;  calcination  (up  to  800°)  losses  5.8- 
7.2*. 

Use  is  made  of  the  physical  properties  of  diamomite  which  are  light 
weight,  low  thermal  conductivity,  good  adsorption  capacity.  The  specific 
gravity  of  opal)  and  increases  with  admixture  of  clay  to  2.20,  the  spe¬ 
cific  weight  is,  respectively  0.35-0.95*  The  porosity  may  be  as  high  as 
92*.  The  specific  gravity  of  gaize  and  tripoli  is  2. 20-2. 50,  the  speci¬ 
fic  weight  0. 50-1.82.  Thermal  conductivity  of  piece  diatomite  (at  50°) 
is  0.08-0.12  kcal.  The  adsorption  capacity  of  diatmomite  is  due  to  the 
active  alumina  which  is  an  acidic  substance  (alkaline  substances  are 
adsorbed  better);  it  increases  in  proportion  to  the  opal  content. 

Diatomite  serves  for  thermal  insulation  primarily  at  50-900°;  as  a 
ground  powder  for  filling  of  furnace  and  dryer  domes,  etc.;  putLles  from 
a  mixture  of  diatomite  with  asbestos  (asbozurite ) ,  with  asbestos  and 
artificial  slate  production  waste  (novaasbozurite),  with  asbestos,  ar¬ 
tificial  slate  production  wastes  and  micaceous  lamellae  (asbestos  mica) 

are  most  effective  up  to  200-275°;  roasted  products  such  as  bricks, 
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pipeline  shells;  vulcanite  which  are  sealing  (autoclave)  products  from 
diatomite,  line  and  asbestos  (up  to  400°);  compositions  with  organic 
additives,  i.e.,  sawdust,  paper  dust,  etc.,  (up  to  150°),  diatomite- 
bitumen  water-resistant  materials  (plasters  which  resist  atmospheric 
effects  up  to  250°);  thermal  insulation  concrete  from  diatomite  cal¬ 
cined  at  800-1100°  and  mixed  with  25#  of  portland  cement  (up  to  900°). 
Uses  of  diatomite:  1)  in  the  building  industry,  i.e.,  thermal  insula¬ 
tion  bricks,  concrete  ballast,  hydraulic  additions  to  cement  (parti¬ 
cularly  for  underwater  work),  hard  emulsifier  of  bitumen  pastes  for 
roadbuilding;  2)  in  the  food  and  petroleum  industries  for  purification 
of  organic  substances,  particularly  in  the  beet-sugar  and  soap  manufac¬ 
turing  branches,  separation  of  petroleum  from  water,  etc.  In  the  abra¬ 
sives  industry  it  is  used  for  finishing  of  metal  and  marble  (by  pastes 
filled  with  finely  ground  diatomite);  3)  in  the  chemical  industry  for 
obtaining  high-silica  anti-alkali  ultramarine,  as  a  filler  —  for  elec¬ 
tric  insulation  and  acid  resisting  hard  rubbers,  plastics  (battery 
tanks),  insecticides  and  dynamite. 

Requirements  put  to  diatomite  are  presented  in  GOST  2694-52  (dia¬ 
tomite  bricks),  0ST  3043,  3053>  3054  (building  industry),  as  well  as  in 
a  number  of  departmental  TU.  The  lower  limit  of  the  Si02  content,  the 
upper  limit  of  the  content  of  Fe20^,  A120^,  CaO,  MgO,  specific  weight, 
content  of  organic  substances,  and  sometimes  also  the  grain-size  dis¬ 
tribution,  are  usually  specified. 

References:  Bushinskiy,  G.  I.  and  Frank- Kamenetskiy,  V.  A. ,  Gldrav- 
licheskaya  aktivnost'  i  rentgenomet riche skaya  kharakteristika  opalovogo 
veschestva  trepelov  i  diatomltov  [The  Hydraulic  Activity  and  Rentgeno- 
metric  Characterization  of  the  Opal  Substance  in  Tripolies  and  Diato- 
mltes],  "DAN  SSSR, "  Vol.  96,  No.  4,  1954;  Trebovaniya  promyshlennosti  k 
kachestvu  mlneral'nogo  syr'ya  [Industrial  Requirements  Put  to  the  Qua- 


1171 


1-9^02 

lity  of  Mineral  Raw  Materials],  Issue  21  -  Voronkov,  B. S.  and  Tukal'- 
skaya,  E.M. ,  diatomit,  trepel,  opoka  [Diatomite,  Tripoli,  Opal],  Moscow 
-Leningrad,  19^5;  Minerals  yearbook  1958,  Vol.  1,  Wash. ,  1959. 
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DIELECTRIC  LOSSES  -  part  of  the  energy  of  a  variable  electric 
field  which  Is  converted  Into  heat  In  the  dielectric.  The  total  energy 
losses  In  the  dielectric  are  composed  of  the  conductivity  losses,  which 
correspond  to  the  constant  strength,  and  from  losses  produced  by  the 
active  component  of  the  displacement  current  in  the  dielectric.  The 
latter  arises  as  a  result  of  the  fact  that  in  variable  fields  the  di¬ 
electric  displacement  vector  D  in  the  dielectric  has  a  phase  lag  with 
respect  to  the  field  intensity  vector  E.  In  practice  dielectric  losses 
are  frequently  characterized  by  the  value  of  the  tangent  of  the  phase 
shift  angle  arctan  <5  between  D  and  E.  In  the  case  of  a  homogeneous  field 
the  dielectric  losses  per  1  cnr  of  the  dielectric  are 

p  =  (i)£*e(gd 

where  <d  is  the  angular  frequency  and  e  is  the  dielectric  permitlvity. 

The  quantity  e  arctan  b  is  called  the  dielectric  losses  coefficient.  In 
dielectrics  with  purely  electron  polarization  (pure  nonpolar  liquids, 
nonpolar  polymers  such  as  polyethylene,  polystyrene,  etc.  )  the  dielec¬ 
tric  losses  are  very  low  (arctan  b  10”')-10-^),  are  independent  of  the 

a 

frequency  up  to  10  cps  and  are  practically  independent  of  the  tempera¬ 
ture  up  to  the  softening  temperature.  In  dielectrics  with  oriented  and 
elastic  ionic  polarization  (see  Dielectric  Permittivity)  dielectric 
losses  have  temperature  and  frequency  maxima.  As  the  frequency  is  in¬ 
creased,  the  temperature  maximum  is  displaced  in  the  direction  of  high 
temperatures,  when  the  temperature  is  increased  the  frequency  maxlmumis 
displaced  in  the  direction  of  high  frequencies.  If  the  losses  are  only 
due  to  conductivity,  then  arctan  6  «=  =4.-n  <»r  where  7  is  the  specific 
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conductivity.  Por  hygroscopic  dielectrics  arctan  6  is  perceptible  de¬ 
pendent  on  the  moisture. 
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DIELECTRIC  PERMITTIVITY  -  one  of  the  main  characteristics  of  a  di¬ 
electric;  the  ratio  to  the  force  of  interaction  between  point  charges 
in  vacuum  to  their  force  of  interaction  in  a  homogeneous  dielectric. 
Dielectric  permittivity  i3  also  defined  as  the  ratio  of  the  dielectric 
displacement  (electrostatic  induction)  D  to  the  intensity  E  of  the 
average  field  ir.  the  dielectric:  e  *  D/E. 

For  isotropic  bodies  the  dielectric  permittivity  is  a  scalar,  for 
anisotropic  bodies  It  is  a  tensor.  In  the  CGS  electrostatic  system  of 

units  the  dielectric  permittivity  ^  is  a  dimensionless  quantity,  in 

p  P 

the  CGS  electromagnetic  system  of  units  ee  has  the  dimensions  sec  /cm. 
The  relationship  between  the  values  of  the  dielectric  permittivity  in 
these  systems 

'rn  e,  <9  !<;•*) 

The  dielectric  permittivity  is  determined  by  the  ability  of  the  dielec¬ 
tric  to  be  polarized,  which  can  be  determined  by:  l)  deformation  of  the 
electron  3hells  of  atoms  and  molecules  in  the  electric  field  (gas,  non¬ 
polar  liquid  and  solid  dielectrics),  2)  orientation  of  polar  molecules 
(polar  liquids  and  polymers),  and  3)  elastic  displacement  of  ionsin 
crystals  and  glass.  The  dielectric  permittivity  of  dielectrics  of  the 
last  two  classes  in  a  unvariable  field  is  highly  reduced  with  an  in¬ 
crease  in  the  temperature,  while  in  a  variable  field  it  has  a  tempera¬ 
ture  maximum  and  decreases  with  an  increase  in  frequency  at  constant 
temperature.  “A  special  class  is  composed  of  ferroelec tries  (Seignette 
to  salt,  barium  tltanate,  etc.),  whic.i  are  substances  capable  of  being 
In  the  polarized  state  in  the  absence  of  an  electric  field.  The  dielec- 
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Dielectric  Permittivity  of 
Certain  Dielectrics  at  Room 
Temperature  and  a  Static 
Field 
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l)  Substance:  2)  dry  paper;  3)  crystalline  quartz:  4)  molten  quartz; 

5)  marble:  6)  paraffin  wax;  7;  rubber:  8)  mica;  9)  crownglass  brand 
glass;  10)  fllntglass  brand  glass;  11)  porcelain;  12)  ebonite;  13)  ben¬ 
zol;  14)  water;  15)  liquid  petroleum  jelly;  16)  transformer  oil;  17) 
methyl  alcohol;  l8)  ethyl  alcohol;  19)  air. 


trie  permitivity  of  ferro  electrics  has  an  anomally  high  value  (200-50, 
000),  is  highly  temperature  dependent,  passing  through  a  maximum  at  a 
temperature  which  is  called  the  Curie  point,  and  decreases  with  an  in¬ 
crease  in  the  field  intensity.  The  most  extensively  used  methods  for 
determining  the  dielectric  permittivity  are  based  on  measuring  the  ca¬ 
pacitance  of  a  capacitor  filled  by  the  dielectric  under  study,  since  it 
is  directly  proportional  to  the  dielectric  permittivity. 

References:  Skanavl,  G. I.  Fizlka  dielektrikov  [Physics  of  Dielec¬ 
trics),  (Oblast'  slabykh  poley  [Weak  Fields  Region]),  Moscow -Leningrad, 
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DIELECTRICS  -  substances  the  main  electrical  property  of  which  is 
the  capacity  to  become  polarized  in  an  electric  field  and  in  which  pro¬ 
longed  existence  of  an  electrostatic  field  is  possible.  The  term  "diel¬ 
ectrics"  was  first  introduced  by  Faraday  to  denote  a  medium  in  which  a 
prolonged  existence  of  an  electric  field  is  possible.  Dielectrics  al¬ 
most  have  no  free  electrons  or  ions,  have  a  negligible  conductivity, 
for  which  reason  many  of  the  dielectrics  are  used  as  electrical  insula¬ 
tion  materials,  in  which  their  great  practical  significance  consists. 
The  major  characteristics  of  dielectrics,  which  determine  their  quality 
as  electrical  Insulation  materials,  are:  dielectric  permittivity,  elec¬ 
trical  conductivity,  dielectric  losses  and  electric  strength.  Under  the 
action  cf  an  electric  field  a  directed  displacement  of  charges  {parti¬ 
cles),  which  is  called  polarization,  takes  place.  Due  to  the  polariza¬ 
tion,  the  positive  charges  are  found  to  be  displaced  in  the  direction 
of  the  field,  while  the  negative  charges  are  found  to  be  oriented  oppo¬ 
site  to  the  direction  of  the  field,  i.  e.  ,  a  field  directed  in  a  direc¬ 
tion  opposite  to  the  external  field  is  Inducted  Inside  the  dielectrics. 
The  polarizability  of  dielectrics  is  characterized  by  the  dielectric 
permittivity  e,  which  is  defined  as  the  ratio  of  the  field  intensity  in 
the  dielectric  for  the  same  position  of  electrodes  and  the  same  value 
of  electrode  charges.  By  the  nature  of  particles  being  displaced  in  the 
electric  field  a  distinction  Is  made  between  electron,  ionic  and  dipole 
polarization.  By  the  character  of  particle  displacement  polarization  can 
be  honhysteresls  (elastic),  hysteresis  (elastic -re laxational)  and,  in 
particular,  residual.  Electron  polarization  Is  produced  by  elastic  dis- 
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placements  of  electron  orbits  brought  about  by  the  external  field.  It 
Is  nonhysteresis  and  does  net  Involve  energy  losses.  This  kind  of  polar¬ 
ization  Is  observed  in  all  dielectrics,  and  is  the  basic  kind  for  non¬ 
polar  dielectrics  (polyethylene,  polystyrene,  transformer  oil,  etc.). 

The  electron  polarization  is  established  almost  simultaneously  in  10  - 

-l*i 

10  secs,  for  which  reason  e  of  nonpolar  dielectrics  Is  independent 
of  the  field’s  frequency  and  on  the  average  comprises  1.8-2. 3*  Ionic 
nonhysteresis  polarization  also  does  not  involve  energy  losses  and  is 
produced  by  elastic  displacements  of  ions  under  the  action  of  the  exter¬ 
nal  field.  Ionic  polarization  is  the  determining  polarization  mechaniza¬ 
tion  mechanism  for  mica,  marble,  quartz,  and  other  ionic  crystals.  Since 
the  total  polarization  of  ionic  crystals  is  composed  of  the  electron 
and  ionic  polarizations,  then  the  dielectric  permittivity  for  these 
substances  Is  always  greater  than  for  nonpolar  substances  and  comprises 
5-15.  Dipole  polarization  is  produced  by  orienting  dipoles  relative  to 
the  direction  of  the  external  electric  field  and  differs  from  the  elec¬ 
tron  and  ionic  polarizations  by  the  fact  that  it  Involves  thermal  mo¬ 
tion  of  particles  and  the  presence  of  irreversible  energy  losses  in  a 
varying  electric  field.  Solid,  semi -liquid  and  liquid  dielectrics  (amino 
plastics,  bakellte,  rosin  compounds  and  castor  oil)  have  a  primarily 
dipole  polarization.  Their  dielectric  permittivity  depends  highly  on 
the  electromagnetic  field  frequency  and  tempera* ure  and  comprises  tens 
and  hundreds  of  units.  A  particular  kina  of  polarization  is  character¬ 
istic  of  ferroelectrlcs,  substance,  which  in  a  specified  temperature 
Interval  have  spontaneous  polarization  in  the  absence  of  an  external 
field  (see  Ferroelectrlcs).  The  electrical  conductivity  of  dielectrics 
it?  judged  about  on  the  basis  of  the  magnitude  of  the  electric  resistivi¬ 
ty.  The  comparative  evaluation  of  various  electric  insulation  materials 
is  performed  c u  t.k  ••  basis  of  the  specific  volume  resistivity  p  and  the 
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specific  surface  resistivity  v  .  The  specific  volume  resistivity  p„  is 
numerically  equal  to  the  resistance  of  a  cube  of  material  which  a  height 
of  1  cm  in  which  current  passes  through  two  opposite  faces  of  the  cube; 
pv  is  expressed  in  ohm-cm.  The  specific  surface  resistivity  pg  is  numer¬ 
ically  equal  to  the  resistance  of  a  surface  layer  in  the  form  of  a 
square  with  a  side  equal  to  1  mm,  where  the  current  passes  through  two 
opposite  sides  of  the  square;  is  expressed  in  ohms.  As  a  rule,  the 
conductivity  13  related  to  the  displacement  of  conducting  ions,  the 
sources  of  which  in  liquid  and  solid  dielectrics  are  the  admixtures. 
Ionization  of  gases  takes  place  due  to  Irradiation.  Nonpolar  liquids 
have,  as  a  rule,  a  higher  specific  electric  resistivity,  than  polar 
liquids,  since  it  is  more  difficult  to  remove  electron te  admixtures 
from  the  latter.  The  conductivity  of  highly  polar  liquids  is  relative¬ 
ly  high,  since  they  can  become  ionized  under  the  action  of  the  electric 
field.  Industrially  pure  nonpolar  liquids  (gasoline,  benzol,  transfor¬ 
mer  oil)  with  e  2. 0-2. 5  have  a  specific  electrical  resistivity  pv  = 

=  lO^-lO1^  ohm-cm,  polar  liquids  (castor  oil,  etc.)  with  t  *  4. 5  have 
pv  =  lO^-lO1^  ohm-cm,  highly  polar  liquids  (acetone,  water,  ethyl  al- 

c;  *7 

cohoi)  with  e  *=  25-85  have  a  pv  -  10^-10  ohm-cm,  l.e.  ,  by  a  factor  of 
tens  and  hundreds  of  millions  lower  than  the  specific  electrical  resis¬ 
tivity  of  nonpolar  liquids. 
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the  concentration  of  free  charges  and  their  mobility.  Dielectric  losses 
in  dielectrics  take  place  under  a  steady  as  well  as  varying  field.  In 
a  steady  field  they  are  determined  by  the  leakage  current  and  the  qual¬ 
ity  of  dielectrics  is  fully  characterized  by  the  value  of  the  electri¬ 
cal  resistance.  In  a  varying  field  the  losses  are  due  not  only  to  the 
presence  of  a  through  current,  but  also  to  polarization  phenomena,  for 
which  reason  the  capacity  of  dielectrics  for  energy  dissipation  is 
characterized  by  arctan  6,  where  6  is  the  complement  of  the  phase  shift 
angle  9  between  the  current  and  the  voltage.  In  the  case  of  an  ideal 
dielectric  the  current  vector  in  the  capacitive  circuit  will  lead  the 
voltage  vector  by  90°  and  the  angle  6=0.  The  greater  the  power  di3si- 
pated  in  the  dielectric,  the  saaller  the  phase  shift  angle  cp  and  the 

_2i 

larger  the  dielectric  losses  angle  6  =  10  .  Materials  with  higher  val¬ 

ues  of  arctan  6  are  called  low-frequency  dielectrics.  Very  high  losses 
in  dielectrics  are  not  permissible,  since  they  can  result  in  an  increase 
in  temperature  and  thermal  failure.  Phenomena  which  arise  under  the  ac¬ 
tion  of  the  electric  field  and  which  result  in  the  formation  of  a  high- 
conductivity  channel  are  called  dielectric  breakdown.  As  a  result  of 
breakdown  in  a  solid  dielectric  a  fused -through  hole  is  produced  and  the 
insulation  properties  become  unsatisfactory.  A  distinction  is  made  be¬ 
tween  electrical,  thermal  and  electrochemical  breakdown.  Elect.  '  al 
breakdown  is  characterized  by  a  sudden  rise  in  the  electric  current 
which  takes  place  due  to  ionization  of  the  dielectric  or  as  a  result  of 
the  appearance  of  conducting  electrons  in  it.  In  the  case  of  breakdown 
in  solid  or  liquid  dielectrics  the  conducting  electrons  appear  as  a  re¬ 
sult  of  their  detachment  from  orbits  of  molecules  or  ions  of  the  die¬ 
lectric,  or  as  a  result  of  their  detachment  from  the  metal  electrodes. 
Thermal  breakdown  is  due  to  the  increased  generation  of  heat  which  is 
a  result  of  losses,  to  temperature  increases  and,  as  a  result,  to  the 
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reduction  in  the  electrical  resistivity  of  the  dielectric.  When  the 
conductivity  is  Increased  the  current  increases,  the  heat  generation 
is  increases,  as  a  result  of  which  the  material  can  melt,  crack  or  be¬ 
come  charred.  Electrochemical  breakdown  is  produced  by  electrochemical 
processes  which  take  place  under  the  prolonged  action  of  voltages,  as 
a  result  of  which  the  dielectrics  are  ionized  and  electrolized.  The 
latter  is  characteristic  of  liquid  dielectrics,  which  contain  moderate 
electrolite  admixtures.  Many  gaseous,  liquid  and  solid  bodies  have  di¬ 
electric  properties.  Dielectrics  are  divided  by  their  structure  into 
organic  and  inorganic.  All  gases  consisting  of  neutral  molecules  are 
dielectrics.  They  are  distinguished  by  their  high  electrical  resistivi¬ 
ty  and  low  dielectric  losses.  Thus,  for  air,  which  serves  as  a  dielec- 

18  _q 

trie  in  air  capacitors,  pv  =  10  ohm -cm,  arc tan  6  *  10  7  and  e  = 

g 

-  1. 0006  at  a  frequency  of  ~3* 10°  cops.  The  shortcoming  of  gases  as 
dielectrics  consists  in  their  low  electric  strength.  The  breakdown  volt 
age  for  air  is  Epr  =  10  kv/mm.  An  electric  strength  which  is  higher 
than  that  for  air  is  possessed  by  heavy  gases.  Thus,  in  high -voltage 
apparatus  it  is  possible  to  use  sulfur  hexafluoride  SFg  (electric  gas), 
which  is  a  chemically  stable  gas  with  a  breakdown  voltage  by  a  factor 
of  two  hlgi.t"  tnac  iov  air.  Diej.accx’lcs  are  useu  in  transformers, 

capacitors,  high-voltage  circuit  breakers,  in  cables,  inlets,  etc.  A 
valuable  property  of  liquid  Insulation  is  the  spontaneous  and  rapid  res 
toration  after  breakdown.  The  main  liquid  dielectrics  are  petroleum 
oils  (transformer  and  capacitor)  and  synthetic  liquids:  chlorodlphenyls 
(sovol),  chlorodlphenyls  with  trichlorobenzol  (sovtols),  organof luoride 
and  organosillcon  liquids.  Synthetic  liquids  are  easily  distinguished 
from  petroleum  oils  by  the  absence  of  oxidation  tendency,  noncombusti¬ 
bility  and  higher  thermal  resistance. 

To  improve  the  electrical  insulation  properties  of  electrical  and 
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radio  devices  use  is  made  of  compounds  which  are  in  a  liquid  state  dur¬ 
ing  pouring,  impregnation  or  coating,  and  which  solidify  with  time  upon 
heating  or  cooling.  These  compounds  are  used  for  improving  the  removal 

Indicators  of  Liquid  Dielectrics 
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l)  Dielectrics;  2)  gamma  (g/cm^);  3)  p  (ohm-cm);  4)  arctan  b  at  20°  and 
50  cps;  5)  E  (kv/mm);  6)  transformervoil;  7)  sovol;  8)  sovtol;  9)  or- 
ganofluoridepliquids;  10)  organosilicon  liquids. 

of  heat,  increasing  the  mechanical  strength  of  radio  units,  fastening 
of  coils,  etc.  Epoxy  polyester  pour-on  compounds  (K-168,  K-193,  etc.  ) 
ana  polyesters tyrene  compounds  are  in  extensive  use.  Organosilocon- 
based-oil  compounds  have  a  working  temperature  up  to  180-200°.  Prom 
among  solid  dielectrics  plastics  and  inorganic  materials  are  extensive¬ 
ly  used.  Nonpolar -resin -based  plastics  (polyethylene,  polystyrene, 
fluoroplast-4)  have  a  nigh  electrical  resistivity  and  very  low  high- 
frequency  losses:  arctan  b  -  (2-5)*  10”^  at  a  frequency  of  10^  cps. 

These  are  called  high -frequency  dielectrics.  A  high  strength  up  to 
56  kg/mtn  )  and  operating  temperature  up  to  200-300°  arc  possessed  by 
glass  textoliteo,  which  are  characterized  by:  e  »  3,  arctan  6  *  (100- 
400)*10J*  and  pv  -  lO12-!©1^  ohm-cm.  Mica,  glass,  electrical  porcelain, 
oxides,  etc.,  are  the  inorganic  dielectrics.  Inorganic  insultaing  ma¬ 
terials  are  distinguished  from  organic  materials  by  their  higher  heat 
resistance.  Thus,  varieties  of  mica  can  be  operated  at  500-600°  (mus¬ 
covite)  and  900-1000°  (phlogoplte).  For  operation  at  higher  tempera¬ 
tures  use  is  made  of  aluminum  oxide  and  beryllium  oxide  based  materials. 

References:  Skanavi,  O.I.,  Flzika  dielektrikov  [Physics  of  Dielec- 
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tries],  (Oblast'  slabykh  poley  [Weak  Fields  Region]),  Moscow -Leningrad, 
1949;  by  the  same  author,  Fizika  dielektrikov.  (Oblast'  nil'nykh  poley 
[Strong  Fields  Region]),  Moscow,  1958;  Frbellch,  G. ,  Teoriya  dielektri¬ 
kov  [Theory  of  Dielectrics].  Translated  from  Englisr,  Moscow,  I960; 
Bogoroditskiy,  N.  P. ,  Pasynkov,  V. V.  and  Tareyev,  B. M.  ,  Elektrotekhnich- 
esklye  materialy  [Materials  of  Electrical  Engineering],  4th  Edition, 
Moscow -Leningrad,  196I;  Spravochnik  po  elektrotekhnicheskim  materialam 
[Handbook  of  Electrical  Engineering  Materials],  Vols.  1-2,  Moscow-Len- 
ingrad,  1958-6O;  Curabo,  D.  D.  ,  Novyye  nemetallicheskiye  materialy  dlya 
radioapparatury  [New  Nonmetallic  Materials  for  Radio  Apparatus],  Mos¬ 
cow  -Leningrad,  1961. 

P.  T.  Kolomytsev 
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DIFFUSION  —  in  the  elementary  case  it  is  spontaneous  equalization 
of  concentrations  in  a  system;  in  the  general  case  It  is  the  process  of 
establishing,  within  phases,  of  the  equilibrium  concentration  distribu¬ 
tion,  which  arises  as  a  result  of  random  straying  of  the  system's  ele¬ 
ments.  The  straying  is  produced  by  the  thermal  motion  of  atoms  or  mole¬ 
cules  (molecular  diffusion)  as  well  as  larger  particles  which  are  sus¬ 
pended  in  a  gas  or  liquid  (Brownian  motion  or  turbulent  diffusion).  As 
a  result  of  diffusion,  the  chemical  potentials  of  a  system  equalize  at 
room  temperature.  In  the  particular  case  of  a  single  phase  system,  in 
the  absence  of  external  forces,  diffusion  results  in  the  equalization 
of  component  concentrations  at  all  sections  of  the  system.  If  external 
forces  are  acting  in  the  system  (a  gradient  of  temperature,  electric 
potential,  etc. ),  then  as  a  result  of  diffusion  the  gradient  of  concen¬ 
trations  is  established  in  the  system,  i.e. ,  the  so-called  thermodiffu¬ 
sion,  electrical  transfer,  etc.  The  process  of  equalization  of  the  iso¬ 
tope  composition,  as  well  as  the  process  of  shape  change  of  pure  solid 
bodies  as  a  result  of  diffusion  straying  of  particles  is  called  self- 
diffuslon. 

Diffusion  in  solid  bodies  has  as  its  cause  the  thermal  motion  of 
particles.  However,  while  in  gases  the  main  kind  of  thermal  motion  coin¬ 
cides  directly  with  wandering,  in  solid  bodies  the  main  kind  of  thermal 
motion  which  is  oscillations  about  the  equilibrium  positions,  do  not 
coincide  with  wandering.  Oases  diffuse  in  solid  bodies  in  the  form  of 
ions  or  atoms,  moving  along  iterstlces  of  the  crystal  lattice.  Atoms 

with  an  ionic  radius  appreciably  smaller  than  the  radius  of  the  solvent 
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ion  (atom)  (carbon,  boron  «rd  possibly  also  sulfur  in  transition  metals 
as  well  as  copper  in  germanium),  also  move  in  the  lattice. 

In  crystals  in  which  the  atoms  of  the  dissolved  substance  are  loca¬ 
ted  in  the  replacement  positions,  diffusion  can  be  brought  about  by  var¬ 
ious  mechanisms:  l)  direct  exchange  of  two  neighboring  atoms;  2)  motion 
of  atoms  through  interstices;  3)  exchanging  places  with  nonoccupied 
lattice  points,  i.e.,  with  vacancies;  4)  by  simultaneous  displacement 
of  several  atoms  along  a  closed  circuit  in  the  process  of  which  one 
atom  moves  into  the  place  of  another,  i.e.,  ring  mechanism.  In  any  dif¬ 
fusion  mechanism,  performance  of  the  elementary  jump  requires  that  ac¬ 
tivation  energy  be  imparted  to  the  particle.  In  conjunction  with  this 
the  temperature  relationship  of  diffusion,  according  to  Boltzmann's 
law  is  as  follows:  D  =  DQ  exp  (-E/RT),  where  DQ  is  a  preexponential 
multiplier,  R  is  the  gas  constant  and  T  is  the  absolute  temperature.  If 
E  is  temperature  dependent,  then  dlnD/dT  ■  E/RT2.  In  the  case  of  mechan¬ 
isms  1)  and  2),  this  energy  is  used  up  for  deformation  of  the  surround¬ 
ing  lattice,  which  accompanies  the  atomic  motion.  In  the  case  of  mechan¬ 
ism  3)  the  activation  energy  consists  of  two  parts:  the  vacancies  forma¬ 
tion  energy  and  of  the  work  which  is  needed  for  overcoming  the  poten¬ 
tial  barrier  between  the  diffusing  atom  and  the  vacancy.  For  the  system 
Ag-Zn  these  quantities  comprise  40#  and  60#  of  the  total  activation  en¬ 
ergy,  respectively.  In  metals  diffusion  according  to  mechanisms  l)  and 
2)  is  less  probable.  Theoretically  calculated  values  of  the  activation 
energy  of  self-diffusion  through  interstices  for  copper  are  250  kcal/ 
/mole,  for  the  vacancy  mechanism  it  Is  64  kcal/mole  (the  experimentally 
obtained  value  Is  about  50  kcal/mole).  In  face  centered  and  in  a  num¬ 
ber  of  body  centered  cubic  metals  diffusion  proceeds  primarily  by  the 
vacancy  mechanism. 

in  mutual  diffusion  proceeding  by  mechanisms  2)  and  3)  the  proba- 
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oility  of  the  passing  of  a  diffusing  atom  into  a  neighboring  equilibrium 
position  can  be  different  for  components  A  and  B,  which  makes  it  neces¬ 
sary  to  introduce  a  diffusion  coefficient  for  each  of  the  components, 

llidC: 

i.e. ,  the  partial  coefficients  DA  and  Dg,  using  the  equation  /,=—/>,  ~ 

where  is  the  flux  of  particles  of  the  ith  kind  through  a  unit  sur¬ 
face  per  second,  c  is  the  concentration,  x  is  the  coordinate  and  D  is 
the  diffusion  coefficient. 

If  Da  /  Dg.  then  a  resultant  flow  of  the  substance  in  the  direc¬ 
tion  of  diffusion  of  the  element  with  a  larger  partial  diffusion  coef¬ 
ficient,  and  a  flow  of  vacancies  in  the  opposite  direction  appear.  Here 
the  region  in  which  the  flow  of  the  substance  arrives  becomes  unstable 
and  macroscopic  flow  of  the  substance  as  a  whole  starts  in  the  oppos¬ 
ite  direction  with  the  velocity  v^(da-db)  This  phenomenon,  which  is 
called  the  Kirkendall  effect,  can  be  detected,  if  any  marks  are  made 
on  the  specimen  in  the  diffusion  zone,  i.e.,  nonsoluble  admixtures, 
small  wires,  foil  are  introduced,  or  impressions  are  made  on  the  surface. 
Klrkendall's  effect  take  place  in  a  large  number  of  metal  pairs  with  a 
face-centered  and  sometimes  with  body -centered  cubic  lattices.  The  to¬ 
tal  flux,  which  is  brought  oy  tne  diffusion  proper  as  well  as  by 

the  macroscopic  flow,  is  characterized  by  the  so-called  heterodiffusion 

where  CA  and 

of  the  components.  In  the  exchange  and  ring  mechanisms  simultaneous  dis¬ 
placement  of  both  components  takes  place  with  the  same  velocity,  i.e., 
the  partial  diffusion  coefficient  in  these  cases  are  equal.  Hence  the 
presence  of  the  Kirkendall  effect  in  any  given  system  shows  that  diffu¬ 
sion  proceeds  either  along  the  interstices,  or  by  the  vacancy  mechanism. 
Hie  resultant  flow  of  atoms  in  the  Kirkendall  effect  is  due  to  the  flow 
of  vacancies  in  the  opposite  direction.  This  flow  of  vacancies  usually 

coagulates,  which  results  in  the  formation  of  a  porosity  zone  to  that 
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side  of  the  diffusion  zone  toward  which  the  flow  of  the  substance  is 
directed.  The  nuclei  for  pore  formation  are  heterogeneous  inclusions 
and  dissolved  gases,  for  example,  oxygen. 

In  a  number  of  cases  a  substantial  accelerating  effect  on  diffu¬ 
sion  or  self -diffusion  is  exerted  by  various  admixtures  or  lattice  de¬ 
fects  (dislocations,  vacancies,  mosaic  structure).  Of  particular  im¬ 
portance  are  surface  diffusion  and  diffusion  along  the  grain  boundaries 
in  metals  which  are  characteristic  by  their  low  activation  energy.  The 
activation  energy  of  volume  diffusion  of  thorium  in  tungsten  is  116.0 
kcal/g-atom,  for  diffusion  along  the  grain  boundaries  it  is  86.0  and  for 
surface  diffusion  it  is  62.4.  These  kinds  of  diffusion  play  no  role  at 
high  temperatures,  but  begin  to  determine  the  process  of  the  entire 
diffusion  at  lower  temperatures,  when  the  volume  diffusion  practically 
does  not  proceed. 

The  diffusion  and  self -diffusion  rates  are  substantially  affected 
by  stresses  and  dex*ormat!ons.  As  a  result  of  plastic  deformation  slip 
lines,  dislocations  take  place,  blocks  are  broken  down  (substructure 
is  developed),  etc.,  i. e. ,  the  concentration  of  lattice  defects  is  in¬ 
creased,  whi^h  results  In  an  increased  fiffuoion  mobility. 

A  particular  case  is  diffusion  accompanied  by  th*  formation  or 
disintegration  of  phases  ("reactive  diffusion"),  which  plays  an  impor¬ 
tant  role  in  the  formation  of  surface  layers,  intermediate  phases  or 
chemical  compounds  as  a  result  of  caseh&rdenlng.  After  holding  at  high 
temperatures,  these  layers  may  grow  or  disappear.  The  displacement  of 
the  phase  interface  (in  the  case  when  one  phase  grows  at  the  expense  of 
the  other)  or  the  change  in  the  thickness  of  the  combining  layer  which 
forms  on  the  interaction  of  twn  components  is  proportional  to  wt  (t  Is 
time)  if  the  kinetics  are  purely  diffusion  kinetics. 

Diffusion  in  solid  bodies  Involves  different  transfer  phenomena. 
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As  In  the  ease  of  electrolite  solutions,  when  the  components  of  an  al¬ 
loy  diffuse,  a  diffusional  potential  difference  arises  at  the  ends  of 
the  specimen  and,  conversely,  when  current  is  passed  through  the  alloy, 
a  directed  displacement  of  components,  which  resultsin  establishing  a 
concentration  gradient,  arises.  Study  of  electrical  transfer  mtkes  It 
possible  to  determine  the  charges  of  components  in  solid  solutions  and 
the  characteristics  of  interaction  of  ions  with  conducting  electrons. 
These  characteristics  pertain  primarily  to  ions  in  the  state  of  transi¬ 
tion.  Diffusion  in  solid  bodies  plays  a  very  important  role  in  metal 
treatment  processes.  Due  to  diffusion,  the  surface  layers  of  components 
are  saturated  by  carbon  (cementation),  nitrogen  (nitriding),  aluminum 
(aluminizing),  etc.  The  rate  of  diffusion  determines  In  many  cases  the 
structure  of  the  metal  which  is  obtained  after  a  particular  heat  treat¬ 
ment  or  use  in  service  (heat  resistant  alloys).  The  knowledge  of  laws 
of  diffusion  makes  it  possible  to  obtain  alloys  with  the  specified  pro¬ 
perties  . 

References:  Umanskly,  Ya. S.  Let  al. ],  Plzlcheskiye  osnovy  metallov- 
edenlya  (Physical  Principles  of  Metal  Science],  2nd  Edition,  Moscow, 

1955  (ha3  a  bibliography);  Bugakov,  V.Z.  ,  Dlffuzlya  v  metallakh  i 
splavakh  [Diffusion  In  Metals  and  Alloys],  Leningrad  -  Moscow,  1949; 

Zayt,  V.,  Diffuziya  v  metallakh  [Diffusion  in  Metals],  [translated  from 
German],  Moscow,  1958;  Le  Claire,  A. D. ,  Diffuziya  v  metallakh  [Diffusion 
In  Metals],  In  book  Uspekhi  flziki  metallov  [Progress  in  Metal  Physics], 
collection  of  articles  1,  translated  from  English,  Moscow,  1956;  Barren, 
R. ,  Diffuziya  v  tverdykh  telakh  [Plffu  Ion  in  Solid  Bodies],  Translated 
from  English,  Moscow,  1948;  Zhukhovitskiy ,  A. A.,  Primenlye  nadloaktlvnykh 
indlkatoroy  dlya  izmerenlya  skoroati  dlffuzil  v  tverdykh  telakh  [Use  of 
Radioactive  Indicators  for  Measuring  the  Diffusion  Rate  in  Solid  Bodies], 
"TJkh\  Vol.  24,  Issue  5.  1955;  Qertsriken,  S.D.  and  Dekhtyar,  I.Ya.  , 
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Diffuzly?.  v  metallakh  1 
aria  Alloys  In  the  Solid 


3plavakh  v  tve-dcy  faze  (Dl  ^  >3ier.  xn  Metais 
Phase],  Moscow,  i960. 

L.  K.  Belashchenko,  /..A.  Zhakho vitally 
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DIFFUSION  PLASTICITY  -  residual  Plastic  deformation  in  which  dif¬ 
fusion  processes  play  a  considerable  role.  The  proportion  of  diffusion 
plasticity  increases  with  the  Similarity  temperature  and  the  heating 
time  and  this  property  is  consequently  especially  important  for  Creep, 
Relaxation,  and  long-term  static  strength  and  fatigue  strength  at  high 
temperatures. 

Ya.B.  Fridman 
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DILUENTS  —  mixtures  of  organic  solvents  for  thinning  paints  and 
lacquers  to  be  applied  to  colorable  surfaces.  Various  ailnents  are  em¬ 
ployed,  depending  on  the  nature  of  the  film-forming  material  (see 


Table) . 


Diluents  (Solvents,  Tninners)  for  Lacquers  and  Paints 


Pa.iOaaartxa,  pacrao- 

Mcrepaair*  prreJi  ■  paima- 

]_  2  *  arena 

JlaKOHpacomwe  ■isrepna.iM  na  ma^raae-  <  "p;  mtirr  alubiHoy roab- 
I,  lux,  rc-HTniprurw'ibd  r.  Macnimn$eaoab-  mu  6 

H  RWX  cnojiux,  Ha  Haumi.ult,  MaCJiMncMOPN-  I.cano.T  bbctuI  KiMeHno- 
ho»,  fflrrrvNnH  ■  OrryMHouacxmok  or  yronuuik 
■opr;  MrJUMmotopMMibaeraaKur  ixui, 
leJiaHMC^opHajibaeriuuioraH^TijKiuc 
aiana  (mo.-iotku.uc,  113-20 j,  u'ltuuo- 
ajiKNnnue  naiia 


rOCT  ui  TY 


TOCT  1*28-40 
rOCT  09*9 — 62 


JlnKonprO'  ,nur  MarepaanH  Ha  MacnnHoO,  yakT-cnapar,  ytkr-cna- 
■Oar  yMHOMUcaHHoil  u  OaryMHofl  ocbom  pars caeca C KCanoaoa 1 : 1 


TOCT  3134-42 


3vanr  MapKii  «Myap»  a  BMIOH  hi  aacnaaok  Eeaaaa 
n  MaoJiHHbCMrnnK  >»  ocHoae 


TOCT  8404-57 


/KapocrokKHC  KprytiaAopraiiaaecKao  jickk  Tonyoa  19  TOCT  *809— *9 

it  juui  Kcanoji  xncTMfl  KiBeuHO-  TOCT  98*9—62 

Y  yroObHM*  s 


rpyiiTH,  jra«a  a  aaana  ho  ocHosr  nepxnop-  Pacraopn-rwii,  P-*  go 
bhkh.tobmx  rMon  ■  hr  cononaiuepe  xnop*  PaawawaTCas,  *---5 


Banana  a  BaHiixianrn  xjiopHfla  (cutoni 
CBX-tO)  g 


TOCT  7827-54 
Ty  Mxn  2191-40 


i  pyHTu,  iiaKR  a  aaana  na  ochobo  oo.tb.k-  Pa  iwawarrab  P-4 
panoaux  cao«  q  PacraopHTenb  6*8 


Ty  Mxn  2191-50 

TOCT  *008-48 


HarpouejuiKkiioiHue  ntxt,  bmuih,  umar-  PiafiaiRTent-  PflB  23 
aoBKR,  Kara  Pacraopatenb  6*8  a nk 

10  648  2k 


TOCT  *399—48 
TOCT  4630-51 


ynoKCanMur,  HarpoanoHCRaHue  mojiotho-  Pacraopannb  6*6 
■ue,  MenauRHo4>opMaOburraaHUB  a  uo- 

BetuHo^opaanwerajiHue  nan«  2  5 


TOCT  5630-51 


neinatraneiue  aaa.ia  a  an  napywaux  Pacraopironb  PC-2 
noKpuTal  25 


TV  Mxn  1763-52 


CaHTcraaacKae  aaana  mb  aeraoBux  aa-  Pacraoparrab  65! 

Tom<*  •** _ 12 _ 2J _ 

.Taaa  aa  ochob«  caeca  caon  ncnaeBHanfly-  Paamawarenb  P-6 
Tapuia,  ae«aaano$opaanbaeraaBo»  a 
pe.iaHoao*  (a*M  AO)  14  26 


Ty  Mxn  *537-51 


Ty  Mxn  *009-52 


1)  Material;  2)  diluents,  solvents,  and  thlnners;  3)  GOST  for  TU;  4) 
lacquers  and  paints  based  on  glyphthalic  pentaphthalie,  and  butyrophen- 
olic  resins  and  with  butyllc,  butyllc-resln,  titumin,  and  bitumln-bu- 
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tyUe  bases;  melamine -forma] dehyde  mp] amine-forma1  Vl  •  dn 

phanallc  enamels  {mallele  enamels,  PE-2Q),  \eie™ne!al^UcqueP 

6  eraSlsSo?nu.r^a^^h  buty“c;  butanes 

7  K  resist  „7V?r  ype  ?nd,wlth  b“tylic  and  butyllc-resln  bases; 
laci^Je  and^nti  Srganlc  lso1uer5  and  enamels;  8)  primers, 

??d  based  on  perchlorovinyl  resins  and  on  a  copolymer 

?Ln^’Yl  chl°rlde  and  vinylidine  chloride  (SVKh-4o  resin):  9)  primers 
lacquers >  SLZZTl ?  "aSed  -  Polyacrylic1  resins;  10)  nilr^e?^' 
and^rea' formal dPh^^t  ’  and  ?ising;  11 )  eP°xy.  nitroepoxy,  moleic, 
use; 

IA K  Uoner(,P?sr^Jbl‘tr^;.”?iamd??-f0™al<ie?yda,  and  rubber  resins 


I. I.  Denker 
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Pig.  1.  Aircraft  wing  skin  with  a  standard  camber  made  from  the  Dl6T 
alloy.  The  etching  is  along  the  T  contour. 


with  identical  cross-sectional  strength  (sheet-metal  components  with 
variable  cross  section,  wedge-shaped  sheets,  monolithic  panels,  etc.), 
which  makes  it  possible  to  substantially  reduce  the  weight  of  the  de¬ 
sign.  Dimensional  etching  of  aluminum  alloys  is  frequently  a  more  eco- 
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Pig.  2.  Temperature  dependence  of  the  rate  of  etching  of  type  Dl6  (a) 
and  795  (b)  alloys  in  a  sodium  hydroxide  solution  of  various  concentra¬ 
tion  (#).  A)  Metal  removal,  mra/hour;  B)  temperature,  °C. 


nomlcal  process  than  machining  and  in  many  cases  it  is  the  only  sulta- 
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DIMENSIONAL  ETCHING  OP  ALUMINUM  ALLOYS  -  a  process  for  etching 
components  over  a  specified  contour  to  a  specified  depth.  Dimensional 
etching  of  aluminum  alloys  is  used  in  the  production  of  components  of 
intricate  shape  and  variable  cross  section.  Etching  produces  components 
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ble  processing  method.  Figure  1  shows  an  etched  aircraft  wing  skin  made 
from  the  D16T  alloy. 

Dimensional  etching  of  aluminum  alloys  is  usually  performed  in 
heated  solutions  of  sodium  hydroxide. 

Figure  2  shows  the  effect  of  temperature  on  the  rate  of  etching  of 
type  Dl6  and  V95  alloys.  Increasing  the  solution  temperature  from  50  to 
90°  increases  the  etching  rate  by  more  than  a  factor  of  7 »  however,  the 
surface  finish  thus  obtained  is  not  as  high  as  the  original.  Type  95V 
alloys  are  etched  at  a  lower  rate  than  type  Dl6  alloys.  As  the  aluminum 


Fig.  3.  Dependence  of  the  etching  rate  of  Dl6  and  V95  type  alloys  on 
the  aluminum  content  in  the  NaOH  solution  for  various  concentrations 
and  temperatures  of  the  alkali,  a)  Dl6.  l)  10#  (70°);  2)  12#  (70°);  3) 
15#  (70*);  4)  12#  (80°).  b)  V95  (temperature  is  70°).  1)  10#;  2)  15# 

3)  20#;  4)  30#;  5)  40#.  A)  Metal  removal,  mm/hour;  B)  A1  concentration, 
g/ liter. 

begins  to  accumulate  in  the  etching  solution,  the  etching  rate  is  first 
reduced,  then  increases  somewhat,  after  which  it  remains  unchanged  for 
most  alkali  concentrations  (Fig.  3)* 

As  the  aluminum  content  of  the  solution  increases  to  25  g/liter, 
the  surface  finish  of  the  etched  surface  is  improved  (Fig.  4).  Surface 
sections  which  are  not  to  be  etched  are  usually  protected  from  the  ef¬ 
fect  of  the  alkaline  solution  by  varnish  and  paint  coatings.  In  dimen¬ 
sional  etching  of  aluminum  alloys  the  metal  is  dissolved  in  the  depth 
as  well  as  sidewise  beneath  the  protective  coating. 

The  process  used  In  dimensional  etching  of  aluminum  alloys  pro- 
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vides  for  degreasing,  etching  in  an  alkaline  solution  to  remove  surface 
flaws,  electrolytically  assisted  oxidation  in  the  sulfuric  acid  solu¬ 
tion,  filling  of  the  anodic  film,  application  of  protective  coatings. 


Pig.  4.  Dependence  of  the  surface  quality  of  type  Dl6  (a)  and  V95  (t> ) 
alloys  on  the  aluminum  content  in  the  NaOH  solution.  Etching  durations 
l)  4  hours;  2)  3  hours;  3)  2  hours.  A)  Height  of  irregularities;  B)  A1 
concentration,  g/ liter. 


dimensional  etching,  removal  of  coatings.  The  selection  of  protective 

coatings  is  determined  by  the  depth  and  the  etching  factor  (see  the  ta- 

Protective  Paint  and  Varnish  Coatings  Used  in  Dimen¬ 
sional  Etching 


Jl<  Koapaooatfoe  uottpMTnr 

\ 

& 

2 

5 

I? 

t-5 

Aoafeaaa- 

aaa 

raytam 

rpaaaMaa 

(»»)  Cj 

6 

CnocoB  06 p»- 
UNHM  KOa- 

rypa 

r 9 

2  ; 

CnocnC  noa- 

3 

CnocoO 

7 

CooeoO  yaaaa- 
aaa  poapw- 

ManevoMinie 

8 

Map  Ha 

9 

roroBKM  nr- 

•epfMOCTB 

MSHecenHH 

OOHpMTMfl 

• 

i* 

s'? 

h 

TMK  BOOBC 
TpIBJMKM 

nepiaopaami- 

rprmBr.2* 

Bel  odp^Tica 

Pacnu**> 

KMC 

120. 

160 

5 

•| 

Oicaaaaaaac 

14 

Oimmuhw 

14 

Bnuaraaio- 
jkmmo*  2.5 

16 

Ann.poui.in 

17  | 

Paeouac-  | 

""*131 

80- 

!00 

4 

!  . 

Oieaaaaaaat 

Oieaaaaaaaa 

ncumiJiopo- 

cpeaoaoc 

18 

I  3mmi> 

!  XC3-I0I 

19 

|  Be?  atfxtuonm 

1 

Karras 

20 

140- 

1 

5 

20  j 

— 

16U 

HIM 

“TSl 

22 

71«piMop*M*a- 

2  3 

1  ♦  MR  XCJ1 

AxoaspoMiot 

Pbcowjhv 

KMC 

<20 -i 

tto 

1  3 

1 

2 

OrcaMMmM 

0"~“- 

nuiiHiw 

24 

Kwl  n«>3 
2,  Hitun 

ittaaa  54 

25 

AuoaipoM- 

MSOIJBI  Tpftft- 

aw  ■+  HO- 

"-sr 

Oteai 

««« 

KMpT* 

27 

80- 

100 

i 

_  1 

8 

! 

Owaaia 

cmcnu* 

28 

29 

3llM4 

XC.iMOl  . 

. a«i<  xcj 1 

r*r»  o6p«6oTK» 

PaCKMMC- 

NMC 

140- 

<80 

8  1 

8 

Orcaaaaaaat 

To  — • 

■■'tCt.?.1 

*a»M  xcn 

Bw  aeWoow 

Pa emm- 

too- 

3  | 

1 

Oreaaaaaaa  ft 

30 

It* 

] 

an  Mo#*  : 

ejBM 

21  ; 

MM8.IA4I 
a  liVm 

jjssiVn, 

l)  Paint  and  varnish  coating;  2)  method  of  preparing  the  surface:  3) 
method  of  coating  application;  4)  coating  thickness  (microns);  5)  per¬ 
missible  etching  depth  (mm);  6)  method  for  forming  the  contour:  7) 
method  of  coating  removal  after  etching;  8)  name;  9)  brand;  10)  per- 
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chlorovinyl:  11 )  VO-3  primer  +  VL-2  varnish;  12)  without  treatment;  13) 
spraying;  14)  peeling  off;  15)  ethyl  cellulose;  1 6)  E-l  varnish;  17) 
anodizing;  18)  polychloroprene ;  19)  KhSE-101  enamel;  20)  by  a  brush; 

21)  peeling  with  an  easily  removed  sublayer:  22)  washing  off;  23)  KhB- 
16  enamel  +  KhSL  varnish;  '*  )  polyamide;  25)  PFE  2/10  glue  +  548  or  54 
varnishes:  26)  anodizing  or  evening  +  anodizing;  27)  pouring  over  or 
brush;  28)  mixed  system;  29)  KhSE-101  enamel  +  KhSL  varnish;  30)  same 
as  above;  31)  VL-02  primer  +  KhSL  varnish;  3?)  KhSL  -  peeling,  VL-02  in 
30#  solution  of  nitric  acid. 


ble).  Usually  dimensional  etching  of  aluminum  alloys  is  performed  in 
solutions  containing  120-170  g/liter  of  sodium  hydroxide  at  70-90°. 


Pig.  5-  Effect  of  various  kinds  of  surface  finish  on  the  endurance  of 

the  Dl6  alloy.  1)  Cycles  to  failure  X  10^;  2)  as  supplied  condition;  3) 
milling;  4)  dimensional  etching;  5)  dimensional  etching  +  fluid  abra¬ 
sive  finishing. 


The  protective  coating  is  usually  removed  after  dimensional  etch¬ 
ing  of  aluminum  alloys  by  peeling  them  off  manually,  while  the  VL-02 
and  VG-2  primers  are  remold  by  immersion  in  30#  nitric  acid.  The  KhSE- 
101  enamel  is  removed  by  washing. 

The  reduction  in  the  surface  finish  quality  as  a  result  of  dimen¬ 
sional  etching  of  aluminum  alloys  results  in  approximately  the  same  re¬ 
duction  in  the  endurance  strength  of  the  alloy  as  milling. 

Pluid  abrasive  finishing  following  dimensional  etching  of  aluminum 
alloys,  which  improves  the  surface  finish,  makes  it  possible  to  sub¬ 
stantially  increase  the  endurance  of  aluminum  alloys  (Pig.  5)« 

Dimensional  etching  of  aluminum  alloys  is  most  extensively  used  in 
making  sheet  metal  components  of  aircraft. 
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DIMETHYL  SILOXANE  RUBBER  —  is  the  product  of  the  hydrolysis  of 
dimethyl  chlorosilanes  and  the  subsequent  polymerization  of  the  hydroly¬ 
sis  products  in  the  presence  of  acid  or  alkaline  catalysts.  It  is  char¬ 
acterized  by  a  heat-resistance  of  up  to  200-250°;  its  moduli  and 
elasticity  remain  constant  within  a  wide  temperature  range.  The  optimum 

t 

value  of  the  molecular  weight  of  dimethyl  siloxane  rubber  is  500,000- 
800,000.  A  decrease  in  the  molecular  weight  deteriorates  the  mechanical 
properties  of  dimethyl  siloxane  rubbers,  an  increase  deteriorates  the 
workability.  Benzoyl  peroxide  and  2. 4-dichlorohenzoyl  are  used  for  the 
vulcanization  of  compounds  of  dimethyl  siloxane  rubbers.  The  dimethyl 
siloxane  rubbers  are  vulcanized  by  a  two-step  method;  a  previous  mold¬ 
ing  at  25-35  kg/cm2  and  120-150°  for  10-30  min,  and  final  vulcanization 
by  heating  in  air  at  200°  for  12-24  hours  depending  on  the  thickness 
and  shape  of  the  product.  It  Is  recommended  to  vulcanize  under  the 
press  at  a  slowly  rising  temperature  up  to  125-135°*  and  to  cool  the 
products  to  30-4o°  under  pressure  in  order  to  avoid  the  formation  of 
pores.  Nonfilled  dimethyl  siloxane  rubbers  have  a  tensile  strength  of 

p 

1. 5-2.0  kg/cm  at  a  relative  elongation  of  150£,  and  a  low  tear  re¬ 
sistance.  An  increase  in  the  tensile  strength  and  the  tear  resistance 
of  dimethyl  siloxane  rubbers  is  attainable  by  addition  of  active  fillers: 
diverse  types  of  silica,  titania,  zinc  oxide,  aluminum  oxide,  polyte- 
trafluoroethylene,  etc.  The  phyeicooechanical  properties  of  dimethyl 
siloxane  rubbers  filled  v4  ilica  BS-280  are  quoted  in  Table  1. 

Ihe  elasticity  cf  di^cnyl  siloxane  rubbers  shows  almost  no  change 
in  the  temperature  range  from  -40°  to  +40°,  whereas  it  changes  in  SKS- 
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-30  rubbers  by  4.5-5  times.  A  drop  of  the  temperature  from  0°  to  -80* 

p 

results  in  a  change  of  the  modulus  3-4  kg/cm  )  of  dimethyl  siloxane 
TABLE  1 


The  Physicomechanical  Properties  of  Dimethyl  Silox¬ 
ane  Rubbers 
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l)  Tensile  strength  (kg/cm2 );  2)  relative  elongation  {%);  3)  tear  re¬ 
sistance  (kg/cm);  4)  properties  after  thermal  aging  at;  5)  days; 

6)  brittleness  point  (°C);  7)  coefficient  of  the  frostproofness ;  8) 
residual  deformation  after  compression  by  20%  for  24  hours  (%)  at; 

9)  tensile  strength  (kg/cm2);  10)  relative  lengthening  (0). 

rubbers  by  1.8-2  times,  whereas  the  modulus  does  increase  by  100  times 

in  natural  rubbers  when  the  temperatures  drop  from  +25*  to  -64w.  Dlme- 

TABLE  2 

Resistance  of  Dimethyl  Silox¬ 
ane  Rubbers  to  the  Effect  of 
Solvents,  Oils,  Acids,  and 
Alkalis 
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3)  maximum  swelling  (%);  4) 
"galosh"  gasoline:  5)  benzene; 
6)  oils;  7)  MVP;  8)  MK;  9)  tur¬ 
bine;  10)  transformer. 


methyl  siloxane  rubbers  maintain  their  stability  to  the  effect  of  oxy¬ 
gen,  ozone  and  ultraviolet  rays  under  diverse  atmospherical  conditions. 


1199 


I-24K2 

They  are  waterproof;  surfaces  coated  with  them  become  covered  with  ice 
insignificantly.  Dimethyl  siloxane  rubbers  possess  good  dielectrical 
properties:  the  breakdown  voltage  is  6. 3-8. 1  kv/mm;  the  dielectric  con¬ 
stant  is  3»0  (at  1  Mops),  the  tangent  of  the  loss  angle  is  0.09  (at  1 
Heps);  the  specific  volume  resistance  is  1.1*10^  ohm* cm.  T1  j  electric 
insulating  properties  of  dimethyl  siloxane  rubbers  remain  constant  up 
to  150-200°,  in  a  moist  atmosphere,  and  also  in  the  case  of  contact 
with  water.  Data  for  the  resistance  of  dimethyl  siloxane  rubbers  to  the 
effect  of  diverse  chemical  reagents  are  quoted  in  Table  2, 

Dimethyl  siloxane  ruobers  are  nontoxic  and  physiologically  inert; 
they  burn  and  maintain  burning.  Total  destruction  thermal  aging  at  150- 
200°  in  the  absence  of  air,  resulting  in  a  loss  of  the  mechanical  pro¬ 
perties,  further,  loss  of  the  resistance  to  abrasion  and  an  increased 
viscosity  in  the  case  of  a  simultaneous  effect  of  temperature  and  load 
are  the  disadvantages  of  the  dimethyl  siloxane  rubbers. 

Dimethyl  siloxane  rubbers  are  used  in  the  aircraft  industry  as 
heat-  and  frostproof  packings  for  engines  and  hydraulic  systems,  in  the 
electric  cable  industry,  in  the  food  industry,  and  in  medicine. 

References:  Boiodina  I.  V. ,  Nikitina  A. K. ,  Tekhnicheskiye  svoystva 
sovetskikh  sinteticheskikh  kauchukov  [The  Technical  Properties  of  the 
Soviet  Synthetic  Rubbers],  Lenlngrad-Moscow,  1952;  Sinteticheskiy 
kauchuk  [Synthetic  Rubber],  edited  by  0. S.  Vfhitby,  translated  from  Eng¬ 
lish,  Leningrad,  1957;  Novikov  A. S. ,  Kaluzhenina  K. F. ,  "Khimicheskaya 
promyshlennost  * , "  195**,  No.  1,  page  21;  Andrianov  K.  A.,  Gclubtsov  C.A. , 
Sokolov  N. N. ,  "Vysokooolekulyarnyye  soyedineniya, "  1952,  No.  12,  page  1. 

P. A.  Galil-ogly 
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DISLOCATIONS  in  crystals  -  linear  defects  of  the  crystal  lattice, 
which  disturb  the  ordered  alternation  of  atomic  planes.  Due  to  the 
presence  of  dislocation,  actual  crystals  are  capable  of  plastic  deforma¬ 
tion  and  failure  under  the  action  of  stresses  which  are  by  several  or¬ 
ders  of  magnitudes  lower  than  those  calculated  for  ideal  crystals.  Dis¬ 
locations  affect  not  only  the  strength  of  crystals,  but  also  their 
electric  resistivity,  latent  heat,  optical,  semiconductor,  magnetic, 
etc.,  properties,  determine  the  mosaic  structure  of  real  crystals, 
surface  topography  and  growth  character  of  crystals  for  low  super-satur¬ 
ations. 

Geometry  of  dislocations.  The  elementary  forms  of  dislocation  are 
edge  and  screw  dislocations  (Fig.  1).  If  one  of  the  crystallographic 
planes  is  terminated  inside  the  crystal  (Fig.  lb),  then  the  edge  of 
this  "extra"  plane  form  an  edge  dislocation.  In  the  case  of  screw  dis¬ 
location  (Fig.  lc)  not  a  single  of  the  atomic  planes  terminates  Inside 
the  crystal,  but  the  planes  proper  are  found  to  be  only  approximately 
parallel  and  Join  one  another  in  a  manner  such  that  actually  the  crys¬ 
tal  consists  of  a  single  atomic  plane,  bent  along  a  spiral  surface.  On 
each  traverse  about  the  dislocation  line  (which  coincides  with  the 
screw  axis)  this  "plane"  either  ascends  or  descends  by  one  lead  of  the 
screw  which  is  equal  to  the  inter-plane  distance. 


*  k  • 


Fig.  1.  Schematic  drawing  of  the  structure  of  a  crystal,  depicted  In 
the  form  of  a  family  of  atomic  planes,  a)  Ideal  crystal;  b)  crystal  with 
an  edge  dislocation;  c)  with  a  screw  dislocation. 

1201 


1-9901 


If  a  circuit  io  composed  from  the  lattice  translation  vectors  in 
such  a  manner,  that  it  closes  in  an  ideal  crystal,  then  this  circuit 
(Burgers  circuit),  constructed  about  the  dislocation  line  in  a  defec¬ 
tive  crystal,  will  be  found  to  be  broken  (Pig.  2).  The  vector  »  b, 
which  must  be  drawn  in  order  to  close  the  ends  of  this  circuit  is  call- 


Plg.  2.  Position  of  atoms  in  a  crystal  with  edge  a  and  screw  b  disloca¬ 
tions.  The  atoms  are  depicted  in  the  form  of  cubes.  Below  is  shown  the 
construction  of  a  circuit  of  the  ABSDEP  type  and  of  the  Burgers  vector 
Pk.  The  lattice  points  (circles)  correspond  to  centers  of  cubes  of  the 
top  drawing. 

ed  the  shear  vector  or  the  Burgers  vector  of  the  given  dislocation. 

The  character  of  a  dislocation  is  determined  by  the  magnitude  and  di¬ 
rection  of  Burgers  vector.  In  the  case  of  edge  dislocation  the  Burgers 
vector  corresponds  to  the  additional  interplanar  distance  which  has 
come  about  due  to  the  extra  plane,  and  is  directed  perpendicular  to 
the  dislocation  line.  In  the  case  of  screw  dislocation  the  Burgers 
vector  corresponds  to  the  lead  of  the  screw  and  is  directed  parallel 
to  the  dislocation  line.  In  the  general  case  the  dislocation  line  can 
be  an  arbitrary  planar  or  space  curve,  along  which  the  Burgers  vector 
remains  constant.  It  follows  from  this  that  dislocations  cannot  termin¬ 
ate  Inside  the  crystal  (or  crystalline  grain)  and  must  either  close  on 
themselves  or  branch  out  into  other  dislocations,  or  emerge  at  the 
surface  of  the  crystal.  The  branching  out  of  dislocation  Is  governed 
by  a  theorem  which  is  analogous  to  Klrchhoff’s  theorem  for  branching 
out  streamlines:  if  all  the  dislocations  are  thought  of  as  moving  to 
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Fig.  3.  Schematic  diagram  of  translational  slip  as  a  result  of  dislo¬ 
cation  displacement.  The  dislocation  line  is  denoted  by  1. 

the  point  of  intersection,  then  the  sum  of  their  Burgers  vectors  should 
be  zero.  Branching  out  and  then  coming  close  again,  dislocations  can 
form  in  the  crystal  planar  and  space  networks  which  determine  the 
mosaic  structure. 

Dislocation  motion.  Plastic  deformation  of  crystals  usually  in¬ 
volves  a  collective  movement  of  atoms  which  can  be  described  as  "mo¬ 
tion.”  Here  the  dislocations  may  move  along  slip  planes  as  well  as  per¬ 
pendicular  to  them.  Figures  2  and  3  illustrate  the  "dislocation  mechan¬ 
ism"  of  translational  slip.  Since  the  atomic  planes  are  not  perfectly 
rigid,  the  shear  cannot  take  place  simultaneously  over  the  entire  slip 
plane.  Successive  displacement  of  atoms  creates  the  dislocation  motion. 
The  boundary  of  the  local  slip  section  forms  a  dislocation  which  as  an 
edge  dislocation  if  that  boundary  is  perpendicular  to  the  shear  direc¬ 
tion  (Pig.  2a),  and  screw  dislocation  if  it  is  parallel  to  this  direc¬ 
tion  (Pig.  2b).  In  the  general  case  dislocation  can  be  regarded  as  the 
boundary  of  local  shear  over  a  surface  supported  on  the  dislocation 
line.  Intersection  of  a  crystal  by  slip  dislocation  (Pig.  3)  results 
in  displacement  by  the  magnitude  of  the  Burgers  vector.  Since  successive 
reconnection  of  bounds,  which  corresponds  to  dislocation  slip,  requires 
moderate  displacements  of  atoms,  then  for  dislocation  displacement  in 

the  slip  plane  it  is  sufficient  to  have  moderate  stresses  (in  metals 

Ji 

they  are  of  the  order  of  10  of  the  shear  modulus).  This  is  responsi¬ 
ble  for  the  fact  that  the  shear  strength  of  real  crystals  containing 

dislocations  Is  found  tc  be  by  several  orders  of  magnitude  lower  than 

1203 


the  shear  strength  of  ideal  crystals. 

The  displacement  of  edge  dislocations  in  a  direction  perpendicular 
to  the  slip  plane  (creeping  over),  which  corresponds  to  contraction  or 
growth  of  "extra"  atomic  planes,  and  requiring  in  conjunction  with 
this  diffusional  displacement  of  vacancies  or  internodal  atoms,  has 
another  character. 

From  the  point  of  view  of  the  dislocation  theory,  various  process¬ 
es  which  take  place  on  plastic  deformation  and  breakdown  of  crystals 
are  determined  by  collective  displacements  of  atoms  which  involve  the 
creeping  over  or  slip  of  individual  dislocations  or  entire  series  of 
dislocations. 

Lattice  distortion.  Dislocations  produce  local  lattice  distortions, 
which  in  the  approximation  of  the  theory  of  elasticity  can  be  charac¬ 


terized  by  the  field  of  stresses  and  rotations  of  the  lattice. 
In  the  cylindrical  coordinate  system  with  axes  r,  q>  and  z,  the  quanti 


ties  and  are  expressed. 


respectively: 
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where  b  is  the  Burgers  vector,  G  is  the  shear  modulus  and  v  is  Poisson's 
ratio  (the  crystal  is  assumed  to  be  elastically  Isotropic).  The  disloca¬ 
tion  line  coincides  with  the  z-axis,  the  azimuth  <p  in  the  case  of  edge 
dislocation  is  reckoned  from  the  direction  of  the  Burgers  vector. 

In  a  region  with  a  radius  several  Interatomic  spaces  long,  which 
is  called  the  dislocation  nucleus,  the  lattice  distortions  are  great 
and  cannot  be  described  in  terms  of  the  theory  of  elasticity.  The  ener- 
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gy  density  In  the  dislocation  nucleus  reaches,  apparently,  a  value 
which  is  of  the  same  order  of  magnitude  as  the  latent  heat  for  melting 
the  crystal.  The  dislocation  energy  is  composed  of  the  elastic  energy 
of  the  stress  field  produced  by  the  dislocation  and  the  nonelastic  en¬ 
ergy  of  the  dislocation  nucleus.  The  total  energy  is  approximately  pro¬ 
portional  to  the  length  of  the  dislocation  and  conp rises  approximately 
0.5  Gb  (about  10 ^  erg -cm  for  metals)  per  unit  of  the  dislocation 
length. 

Local  distortions  of  the  lattice  and  local  stresses  produced  by 
individual  dislocation  lines  can,  by  superimposition,  produce  macrosco¬ 
pic  rotations  of  the  lattice  and  macroscopic  stresses.  Uniform  distri¬ 
bution  of  parallel  edge  dislocations  (Pig.  4a)  corresponds  to  circular 


Fig.  4.  Distortions  of  a  crystal  brought  about  by  edge  dislocations, 
a)  Circular  bending;  b)  boundary  of  symmetrically  disoriented  blocks 
(vertical  row  of  dislocations);  c)  slip  line  (horizontal  row  of  dislo¬ 
cations). 

bending  of  a  crystal  about  an  axis  which  is  parallel  to  dislocation 
lines.  The  networks  and  rows  of  dislocations  form  the  boundaries  of 
disoriented  blocks,  vor  example,  edge  dislocations  lined  up  in  a  row 
parallel  to  the  extra  dislocation  planes  (Pig.  4b),  form  the  boundaries 
of  blocks  which  are  symmetrically  disoriented  by  the  angle  e  •  b/h, 
where  h  is  the  distance  between  dislocation  lines.  If  the  edge  dlsloca- 
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tions  position  themselves  in  the  general  slip  plane  (Pig.  4c ),  then 
they  do  not  yield  macroscopic  rotations  of  the  lattice,  but  produce 
macroscopic  stresses,  i.e. ,  compression  at  one  side  of  the  slip  plane 
and  tension  at  the  other.  The  intensity  of  these  stresses  can  be  char¬ 
acterized  by  the  difference  in  normal  deformations  in  the  direction  of 
slip  comprises  e  *  b/h. 

Accumulating  on  obstacles  (for  example,  at  the  boundaries  of 
L-loci'P  and  grains),  dislocations  can  produce  local  stress  concentra¬ 
tions  which  are  sufficient  for  the  formation  of  nucleating  microfis¬ 
sures.  The  dislocation  theory  of  crystal  failure  also  considers  the 
possibility  of  microfissure  formation  on  intersection  or  uniting  of 
moving  rows  of  dislocations. 

Forces  acting  on  dislocations.  A  ’’mechanical  force"  which  is  per¬ 
pendicular  to  the  dislocation  line  and  parallel  to  its  Burgers  vector 
b  acts  on  the  dislocation  in  the  field  of  externally  applied  stresses. 
Projections  of  this  force  on  the  slip  plane  bring  about  dislocation 
slip.  Nonequilibrium  in  the  concentrations  of  vacancies  or  intemodal 
atoms  results  in  the  appearance  of  a  "thermodynamic"  force,  which  acts 
perpendicular  to  the  dislocation  line  and  to  its  Burgers  vector  and 
stimulates  the  creeping  over  of  edge  dislocations  and  the  conversion  of 
screw  dislocations  into  hellcoidal  dislocations  (bent  along  a  cylindri¬ 
cal  spiral  with  an  axis  along  the  Burgers  vector). 

Since  the  stress  fields  brought  about  by  individual  dislocations 
overlap,  the  dislocations  interact  with  one  another.  Parallel  screw 
dislocations,  as  well  as  parallel  edge  dislocations  which  lie  in  a  com¬ 
mon  slip  olane  Interact  in  the  same  manner  as  charged  wrles,  i.e.,  dis¬ 
locations  of  different  kinds  are  attracted  while  those  of  the  same 
kind  are  repelled  from  one  another  with  a  force  which  is  inversely  pro¬ 
portional  to  the  distance.  In  the  general  case  the  interaction  between 
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dislocations  is  more  complex  (the  forces  are  not  ce.itral  and  depend  on 
the  mutual  orientation  of  the  dislocations),  however,  the  simplified 
rule  is  usually  valid;  two  dislocations  are  attracted  if  their  Burgers 
vector  make  an  obtuse  angle,  and  are  repelled  if  this  angle  is  acute. 

Dislocations  and  point  defects  of  crystals.  When  Individual  moving 
dislocations  Intersect,  steps,  which  do  not  lie  in  the  slip  plane 
can  form  on  the  dislocation  lines.  Each  nonsliding  step  on  a  disloca¬ 
tion  line  leaves  behind  it,  attendant  to  forced  displacement,  a  trace 
in  the  form  of  a  chain  of  point  lattice  defects,  i.e. ,  vacancies  or 
lnternodal  atoms.  Conversely,  point  defects  of  a  lattice  can  serve  as 
sources  of  dislocations.  In  the  process  of  a  crystal's  growth  or  on 
annealing,  dislocations  can  form  by  collapse  of  disk-shaped  voids. 


Pig.  5.  Collapsing  of  void  a  results  in  the  formation  of  edge  disloca¬ 
tions  b. 

which  arise  due  to  coagulation  of  condensed  vacancies  (Pig.  5).  The  in¬ 
teraction  between  dislocations  and  admixture  atoms  results  in  accumula¬ 
tion  of  the  admixture  near  dislocation  lines  and  in  the  formation  of 
the  so-called  Cbfctrell's  clouds  around  them.  For  example,  foreign  atoms 
with  a  small  radius  can  accumulate  in  the  compressed  region  near  an 
edge  dislocation,  while  atoms  with  a  large  radius  may  accululate  in  the 
expanded  region.  Certain  aging  effects,  which  are  expressed  in  the  time 
dependence  of  crystal  properties  are  determined  by  diffusion  of  che  ad¬ 
mixture  to  the  dislocations.  Thickening  of  Cottrell's  clouds  can  result 
in  condensing  the  admixture  and  in  the  precipitation  of  nuclei  of  an¬ 
other  phase.  Dislocations  surrounded  by  admixtures  have  a  lower  mobll- 
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lty  than  free  dislocations.  It  is  also  possible  for  dislocations  to  be 
torn  out  from  Cottrell's  clouds,  which  sometimes  determines  the  yield 
point  of  the  crystal.  The  geometric  properties  of  dislocations  also 
determine  their  relationship  with  planar  defects  of  the  lattice  and 
with  twins.  Dislocations  which  lie  in  densely  packed  slip  planes  can 
cleave  with  attendant  formation  of  intermediate  monatomic  twinning  in¬ 
terlayers,  i.e. ,  packing  defects  (Fig.  6).  Such  reactions  between  dis- 


Pig.  6.  Cleavage  of  an  edge  dislocation  a  in  a  face -centered  cubic  crys 
tal  into  2  partial  dislocations  b,  connected  by  a  single  layer  twin  Afi 
(packing  defect). 

locations  can  result  in  the  formation  of  highly  mobile  dislocations 
as  well  as  of  not  too  mobile  "sitting”  defects,  which  serve  as  an  ob¬ 
stacle  to  the  movement  of  other  dislocations.  In  the  dislocation  theory 
of  twinning  is  introduced  the  concept  of  "twinning”  dislocation,  which 
corresponds  to  an  atomic  step  on  the  interface  of  twins,  i.e.,  on  the 
edge  of  the  incomplete  plane  of  atoms  which  have  passed  into  the  twin¬ 
ning  position.  Tangential  motion  of  dislocations,  I.e.,  steps  along 
the  twinning  boundary,  ensures  normal  displacement  of  the  boundary  upon 
growth  of  one  component  of  the  twin  on  the  expense  of  another. 

Dislocations  and  crystal  growth.  When  crystals  grow  by  layers 
from  vapors  and  diluted  solutions,  when  new  atoms  attach  themselves 
only  to  growth  steps  (Fig.  7a),  the  rate  of  growth  of  ideal  crystals 
should  be  determined  by  the  probability  of  the  formation  of  planar 
seeds,  which  contradicts  the  observed  rate  of  growth  of  crystals  under 
low  supersaturations.  However,  if  the  crystal  has  at  least  one  screw 
dislocation,  then  the  addition  of  growth  steps  does  not  result  in  dis¬ 
placing  the  steps  from  the  surface  of  the  growing  face,  as  this  would 
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Fig.  7.  Layer  growth  of  a  crystal,  a)  Ideal  crystal;  b)  crystal  with  a 
screw  dislocation.  1)  Atom. 

happen  in  the  case  of  an  ideal  crystal.  The  growth  layers  no  longer 
terminate  at  the  side  faces,  but  enveloping  the  dislocation,  successive¬ 
ly  climb  onto  one  another  (Fig.  7b).  As  a  result,  the  rate  of  crystal 
growth  is  not  determined  by  the  process  of  spontaneous  formation  of 
planar  seeds,  but  by  the  rate  of  growth  of  steps  already  present.  Dis¬ 
locations  are  not  needed  for  growth  from  a  melt.  Lately  dislocation- 
less  crystals  of  silicon  and  germanium  which  have,  according  to  prelim¬ 
inary  data,  a  strength  which  la  close  to  the  theoretical  strength  of 
an  ideal  lattice,  have  been  grown  from  a  melt. 

Dislocations  and  the  various  crystal  properties.  The  presence 
of  dislocations  Increases  the  electric  resistivity  of  the  crystal,  re¬ 
duces  its  density,  increases  the  internal  friction  and  reduces  the  val¬ 
ue  of  elastic  moduli.  The  interaction  of  domain  boundaries  with  dislo¬ 
cations  results  in  increasing  the  coercive  force  of  ferromagnetic  and 
ferroelectric  substances.  In  semiconductors  dislocations  serve  as  de¬ 
fects  which  have  the  properties  of  the  acceptor  admixture.  The  first 
seeds  of  a  new  phase  may  arise  at  dislocations  (for  example,  on  disin¬ 
tegration  of  a  solid  solution),  although  cases  exist  when  the  formation 
of  seeds  Is  not  related  to  dislocations. 


Experimental  study  of  dislocations.  The  use  of  electron  microscopes 
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with  large  resolving  power  has  made  it  possible  to  directly  observe 
atonic  planes  In  platinum  and  copper  phthalocyanldes  and  to  detect  sec 


H 


Fig.  8.  Edge  dislocation  In  a  platinum  phthalocyanlde  crystal;  top  - 
electron  microscope  photograph  (magnification  ~1, 000,000);  bottom  - 
schematic  drawing  of  the  location  of  atomic  planes. 


tlona  at  which  the  relative  position  of  atomic  planes  points  to  the 
presence  of  dislocations  (Fig.  8).  In  other  cases  It  was  possible  to 
realise  the  possibility  pointed  out  by  A.V.  Shubnlkov  of  observing  dls 
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Fig.  9»  Schematic  drawing  of  dislocation  observations  by  the  Moire 
chart  method,  a)  Two  identically  oriented  crystals  with  different  lat¬ 
tice  parameters  are  superimposed;  b)  both  lattices  have  the  same  par- 
ameters,  but  are  slightly  disoriented.  In  both  cases  the  Interference 
fringes  on  the  Moire  charts  give  a  magnified  description  of  an  edge 
dislocation  located  In  one  of  the  lattices. 


location  on  a  Moire  chart,  which  Is  obtained  by  superimposing  a  dlstor 
ted  and  nondlstorted  crystal  lattices  (Fig.  9)>  In  electron  microscope 
studies  of  a  thin  foil  of  aluminum  and  stainless  steel  dislocations 
were  detected  by  the  increased  Intensity  of  electron  scattering  to 
stresses.  Observation  of  the  flnj  structure  of  crystal  surfaces  makes 
It  possible  to  discover  screw  dislocations,  which  correspond  to  ends 
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Fig.  10.  Rows  of  dislocations  In  the  slip  planes.  A  thin  foil  of  stain¬ 
less  steel  In  a  transmitting  electron  microscope.  The  slip  planes  are 
marked  by  braces. 


Fig.  11.  Growth  spiral,  which  has  Fig.  12.  Dislocation  networks 

originated  at  a  screw  dislocation  in  a  KC1  crystal,  decorated  by 

in  a  paraffin  crystal.  silver.  (The  cell  size  is  of 

the  order  of  several  microns). 

of  growth  steps  (Pig.  11 ).  Optical  and  electron  microscope  methods  are 
not  always  capable  of  resolving  the  fine  structure  of  the  relief  of 
metallic  monocrystal  faces.  Lately  an  Ion  microprojector,  which  has 
made  It  possible  to  observe  the  atomic  structure  of  the  crystal's  sur¬ 
face,  was  used  for  this  purpose.  Methods  of  selective  etching  and  admix¬ 
ture  segregation  ("decoration”)  have  come  into  particularly  extensive 
use  for  the  study  of  dislocations,  when  It  was  found  that  these  know 
methods  of  metallographlc  study  of  crystal  defects  can  be  refined  to 
an  extent  such  that  It  Is  possible  to  distinguish  Individual  disloca¬ 
tions  (Fig.  12).  In  particular,  using  the  method  of  secondary  selective 
etching  it  Is  possible  to  follow  the  displacement  of  dlsolcatlons  In 
the  process  of  plastic  deformation  (Fig.  13)-  The  latest  data  show  that 
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It  is  possible  to  detect  dislocations  on  projected  x-ray  radiographs 
and  by  the  optical  polarization  method. 


fflg.  13.  Movement  of  dislocations  in  an  LiF  crystal  detected  by  the 
selective  etching  method.  Etching  pits  in  the  form  of  truncated  pyra¬ 
mids  denote  old,  and  pits  in  the  shape  of  acute-angled  pyramids  de¬ 
note  new  positions  of  dislocations  (magnification  factor  600). 

According  to  results  of  direct  and  lndlred  methods  of  investiga¬ 
tion,  the  density  of  dislocations ,  depending  on  the  type  of  crystal  and 
on  the  specimen's  previous  history ,  usually  varies  in  annealed  crystals 
from  10  to  10'  and  in  deformed  crystals  frcm  10'  to  10  lines  per  cm 
The  basic  difficulty  in  the  theory  of  dislocations  is  the  problem 
of  the  origin  of  new  dislocations  in  the  process  of  plastic  deformation 
The  multiplication  of  dislocations  by  detachment  of  rings  from  the  dis¬ 
location  network  segments  (the  so-called  Frank -Read  source)  is  geome¬ 
trically  possible  and  was  observed  frequently.  Judging  by  the  latest 
data,  new  dislocations  can  originate  not  only  by  previously  existing 
dislocations,  but  also  by  accumulations  of  point  defects  of  the  lattice 
References:  Read,  V.T. ,  Dlslokatall  v  krlstallakh  [Dislocations  in 
Crystals].  Translated  from  English,  Moscow,  1957;  Cottrell,  A.H.,  Dls¬ 
lokatall  1  plastlcheskoye  techenlye  v  krlstallakh  [Dislocations  and 
Plastic  Flow  in  Crystals],  Translated  from  English,  Moscow,  1938; 

Forty,  A.  0. ,  He proa redstvennoye  nablyudenlye  dlslokataly  v  krlstallakh 
[Direct  Observation  of  Dislocations  in  Crystals],  Translated  from  Eng¬ 
lish,  Moscow,  1956;  Indenbom,  V.  L.  ,  Dlslokatall  v  krlstallakh  [Disloca¬ 
tions  in  Crystals].  "Krlatallografiya  ["Crystallography],  Vol.  3#  Issue 
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DISPERSION  COEFFICIENT,  or  Abbe's  number  -  a  quantity  which  char¬ 
acterizes  the  relationship  between  the  refraction  index  of  a  substance 
and  the  light -wave  length  (color): 

v  =  3!eri 
"F— "C 


where  is  the  refraction  index  for  X  «=  5893  A  (yellow  doublet  of  so¬ 
dium),  nc  and  np  are  the  same  for  X  <=  6563  A  (C  red  hydrogen  line)  and 
for  X  *  4861  A  (F  blue  hydrogen  line),  respectively.  Substances  with  a 
low  dispersior  are  characterized  by  a  high  value  of  dispersion  coeffi¬ 
cient  (for  example,  for  fluorite  v  =  95);  substances  with  high  disper¬ 
sion  have  their  corresponding  low  values  of  the  dispersion  coefficient 
(for  heavy  grades  of  glass  v  =  20).  Usually  (but  not  always)  the  dis¬ 
persion  coefficient  decreases  with  an  increase  in  the  average  refrac¬ 
tion  index.  The  quantity  which  is  a  reciprocal  of  the  dispersion  coeffi¬ 
cient  3  s  called  relative  dispersion. 


L.  S.  Pries 
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DISRUPTION  FRACTURE  -  Is  formed  by  the  surfaces  of  a  destroyed 
specimen,  which  coincide  almost  with  the  surfaces  perpendicularly  to 
which  the  maximum  stresses  and  elongations  are  acting  (in  the  case  of 
elongation  of  a  rod  -  in  the  cross  section,  in  the  case  of  torsion  - 
along  helical  lines,  etc.).  See  Breaking,  Breaking  Strength. 


Y«.  B.  Fridman 
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DIVINYL -NITRILE  LATICES  ape  aqueous  colloidal  dispersions  of  rub¬ 
ber-like  copolymers  of  divinyl  and  acrylonitrile  obtained  by  emulsion 
polymerization.  As  the  emulsifiers,  use  is  mads  -f  anionic  surface-ac¬ 
tive  substances:  Nekal,  salts  of  the  fatty  acids,  modified  resins,  etc. 
Mercaptans  (for  example,  dodecyl  mercaptan)  or  xanthogen  disulfides 
(for  example,  diisopropyl  xanthogen  disulfide)  are  used  to  regulate  the 
molecular  weight  of  the  polymer.  Pyrophosphates  are  often  added  to  the 
alkaline  emulsion  to  maintain  a  constant  pH  of  the  system  during  the 
polymerization  process. 

The  most  common  divinyl-to-acrylonitrile  ratios  for  the  synthesis 
of  these  latices  are  82:18,  7^:26  and  60:40.  The  polymers  in  the 
divinyl -nitrile  latices  contain  the  high-molecular  C  =  N  groups  and 
therefore  are  practically  insoluble  in  the  aliphatic  hydrocarbons.  The 
oil  and  gasoline  resistance  of  these  copolymers  increases  with  increase 
of  the  content  of  the  bound  acrylonitrile;  there  i.  a  parallel  increase 
of  the  strength  of  the  copolymers  and  of  their  heat  resistance,  but  the 
cold  resistance  decreases  rapidly.  The  brittle  temperature  varies 
linearly  with  the  acrylonitrile  content;  with  18#  bound  nitrile  it  is 
equal  to  -5 6°,  with  40#  nitrile  it  is  -27°.  For  the  sulfur  vulcanizates 
it  is  6-13°  higher  than  for  the  corresponding  raw  rubbers;  vulcaniza¬ 
tion  using  the  peroxides  gives  rubbers  analogous  in  brittle  temperature 
to  the  original  raw  rubbers.  The  cold  resistance  of  products  made  from 
the  dlvlnyl-nltrlle  latices  can  be  increased  by  the  introduction  of 
plastlcators  (for  example,  dibutylphthalate ) ,  which,  however,  may  be 
washed  out  during  operation  of  the  products  in  contact  with  organic 
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liquids.  In  connection  with  the  high  polarity  of  the  nitrile  groups, 
the  products  made  from  the  divinyl -nitrile  latices  swell  somewhat  more 
in  water  than  the  corresponding  products  made  from  the  di vinyl -styrene 
latices  and  have  inferior  dielectric  properties.  A  very  important  pro- 
perty  of  the  di vinyl -nit rile  latices  is  the  good  compatibility  of  the 
polymers  contained  in  them  with  many  polyvinyl  chlorides,  polyvinyldene 
chlorides  and  other  plastics.  On  mixing  with  the  corresponding  disper¬ 
sions,  the  divinyl-nitrile  latices  plasticize  the  plastics,  improving 
their  elasticity,  while  the  plastics,  in  turn,  improve  the  strength  and 
resistance  of  the  products  made  from  the  divinyl-nitrile  latices  to  the 
attack  by  hydrocarbons,  vegetable  and  animal  cils  and  fats,  to  the  oxi¬ 
dizing  and  atmospheric  influences.  Dispersions  of  polystyrene,  carbon 
black,  titanium  dioxide  and  others  can  also  be  added  to  the  dlvinyl- 
nitrile  latices  as  strengtheners.  The  vinyl -nitrile  latices  are  also 
quite  compatible  with  the  thermoreactive  resins,  particularly  the  phe¬ 
nol-,  resorcin-,  melamine-  and  urea -formaldehydes  introduced  into  the 
latex  in  the  form  of  aqueous  solutions.  These  resins  also  have  a 
strengthening  action  and  are  vulcanizing  agents;  they  increase  the  oil 
resistance  of  the  products  and,  in  addition,  sharply  Increase  the  ad¬ 
hesion  to  the  metals  and  to  the  polar  materials.  The  dlvlnyl -nitrile 
latices  Introduced  into  the  resin  solutions  in  small  quantities  have  a 
plasticizing  effect  on  them,  eliminate  brittleness  and  Increase  the 
strength,  elasticity,  impact  strength  and  other  physico-mechanical  pro¬ 
perties  of  the  corresponding  materials.  The  usual  vulcanizing  agents 
are  introduced  into  the  mixtures  based  on  the  divinyl-nitrile  latices: 
sulfur,  zinc  oxide,  thiuram,  Captax,  ana  also  the  ultra -accelerators  - 
zinc  dimethyldlthlocarbamate,  sodium  dlethyldlthiocarbamate,  dlmethylam- 
monlum  dlmethyldithiocarbamate  and  others.  To  give  the  vulcanlzate  sta¬ 
bility  at  elevated  temperatures,  use  is  made  of  systems  which  exclude 
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the  pos8lbillty  of  over-vulcanization,  in  particular  the  thiuram-zinc 
oxide  system  (without  sulfur)  or  dlcumyl  peroxide.  Unadulterated  vul- 
oanizates  made  from  the  dlvinyl-nltrlle  latices  have  a  strength  of  100- 

O 

200  kg/cm  with  a  relative  elongation  of  500-1000#.  It  is  also  possible 
to  carry  out  the  vulcanization  of  the  raw  rubber  directly  in  the 
dlvinyl-nltrlle  latices.  Products  made  with  the  use  of  such  latices  do 
not  require  additional  heating  for  vulcanization.  Considerable  modifi¬ 
cations  of  the  properties  of  the  di vinyl -nitrile  latices  are  also 
achieved  directly  in  their  synthesis  by  the  introduction  into  the  poly¬ 
mer  mixture  of  small  quantities  of  methacryllc  or  acrylic  acids  (see 
Carboxylate  Latices). 

The  size  of  the  rubber  particles  in  the  various  types  of  divlnyl- 
nitrile  latices  is  different,  and  this  effects  the  colloidal-chemical 
and  technological  properties  of  the  latices  and  to  a  lesser  degree  the 
properties  of  the  products  made  from  them.  The  latices  with  particles 
of  diameter  0.06-0.07  microns  with  a  concentration  of  about  40#  have  a 
viscosity  of  100-150  centipoises,  while  the  latices  with  particles  of 
0.18-0.20  microns,  even  with  a  concentration  of  about  5°%>  have  a  vis¬ 
cosity  of  only  30-50  centipoises.  Latices  with  small  particle  size  have 
advantages  in  the  impregnation  of  various  materials,  introduction  into 
paper  pulp  and  in  other  processes  which  require  good  penetration  of  the 
rubber  into  the  depth  of  the  materials.  Latices  with  large  particle 
size  contain  a  smaller  quantity  of  stabilizing  emulsifier,  which  en¬ 
sures  high  water  resistance  of  the  product.  The  divinyl-nitrile  latices 
are  thickened  well  by  the  water-soluble  polymers  -  caseinates,  methyl- 
cellulose,  starch  and  others;  when  Introduced  in  large  quantities  these 
substances  modify  the  properties  of  the  products  and  materials.  Freez¬ 
ing  and  subsequent  thawing  of  the  aivlnyl-r.itrile  latices  causes  their 
coagulation.  These  latices  are  widely  used  in  the  national  economy; 
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they  are  used  for  the  fabrication  of  various  oil-resistant  rubber  pro¬ 
ducts  -  gloves,  small  cross-section  piping,  elc.  Tne  concentrated  di- 
vlnyl-nltrile  latices  obtained  with  the  use  )f  the  carboxylic  acid  emul¬ 
sifiers  are  used  for  the  fabrication  of  rubber  products  which  have  no 
odor  and  are  resistant  to  fuels  and  oils.  The  divinyl -nitrile  latices 
are  used  for  applying  waterproof  and  oilproof  coatings  (frequently  in 
combination  with  dispersions  of  polyvinyl  chloride)  on  paper,  fabrics, 
etc.  Mixtures  based  on  these  latices  with  the  addition  of  a  small  quan¬ 
tity  of  fillers  and  pigments  are  used  for  the  application  of  coatings 
on  leather  and  for  the  reinforcing  of  unstable  dyes;  mixtures  with 
large  filler  content  (from  2  to  8  parts  by  weight  to  1  part  by  weight 
of  the  polymer)  are  used  for  coating  the  underside  of  rugs.  For  the 
coating  of  wrapping  paper,  use  is  made  of  mixtures  of  these  latices 
with  clay,  starch  or  casein  which  provide  for  good  printing  and  an  at¬ 
tractive  surface  appearance.  These  latices  are  used  in  mixtures  with 
the  cements  for  water-  and  fuel -res 1st ant  coatings  for  floors,  ship 
decking,  oil  tanks,  etc.  They  are  also  used  for  binding  fibers  in  the 
production  of  nonwoven  materials  and  paper,  for  sizing  fabrics;  mix¬ 
tures  of  the  divinyl-nitrile  latices  with  the  urea-  and  melamine-for¬ 
maldehyde  resins,  used  as  binder  for  artificial  and  synthetic  fabrics, 
provide  for  their  freedoms  from  wrinkling,  elasticity,  resistance  to 
solvents.  Oil -resistant  gaskets  are  obtained  by  modifying  paper  with 
the  addition  of  the  divinyl -nitrile  latices  to  the  paper  pulp.  Mixtures 
of  these  latices  with  the  resins  or  with  casein  are  also  used  as  bond¬ 
ing  agents. 

References:  Synthetic  Rubber,  ed.  by  O.S.  Whitby,  transl.  fro© 

Eng.,  L. ,  1957;  Litvin  O.B.,  Sinteticheskiye  lateaky  [Synthetic  Lat¬ 
ices),  L. -M. ,  1953;  Crenln  C. ,  Rev.  gen.  caoutchouc,  1959,  Vol.  36,  No. 
4,  p.  539;  Slntez  iateksov  1  lkh  prlmeneniye  [Synthesis  of  Latices  and 
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Their  Application] ,  coll,  of  articles,  L. ,  1961. 

f 

A. I.  Yezriyelev,  A.V.  Lebedev 
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DIVTNIL  NITRILE  RUBBER  -  is  the  product  of  the  copolymerization  of 
divinyl  acrylate  and  acrylonitrile.  The  diverse  types  of  the  divinyl 
nitrile  rubber  differ  in  the  ratio  of  di vinyl  acrylate  to  acrylonitril, 
in  the  initial  plasticity,  the  workability,  the  properties,  and  the 
type  of  the  antioxidant  (Neozone,  Dagyrite,  Stalit,  etc. ).  Ihe  nonmodi- 
fied  grades  SKN-18,  SKN-26,  and  SKN-40  with  an  initial  hardness  of 
1500-3000  g,  and  the  modified  ones  with  a  Defo  hardness  of  700-1100  £ 
are  produced  in  the  USSR.  Abroad,  diverse  types  of  divinyl  nitrile  rub¬ 
ber  are  available:  Chemigum,  Hycar,  Butapren,  Paracryle  (U. S.  ),  Polysar, 
Crinac  (Canada),  Butacone,  Hycar  (Great  Britain),  Perbunan  (German 
Federal  Republic),  Buna-N  (German  Democratic  Republic).  The  specific 
gravities  are:  0.943  for  SKN-18;  0.942  for  SKN-26,  and  O.986  for  SKN- 
40.  T  :  -55°  for  SKN-18;  -42°  for  SKN-26,  and  -32°  for  SKN-40.  Di vinyl 
nitrile  rubbers  are  resistant  to  oil  and  gasoline,  they  resist  well 
mineral,  vegetable  and  animal  oils,  fats,  and  aliphatic  hydrocarbons. 

The  presence  of  the  polar  CN  group  in  the  molecule  involves  the  resist¬ 
ance  of  these  rubbers  to  the  action  of  nonpolar  solvents.  They  dissolve 
relatively  well  in  polar  solvents:  acetone,  methyl  ethyl  ketone,  etc. 
Divinyl  nitrile  rubbers  swell  strongly  and  dissolve  in  aromatic  hydro¬ 
carbons  and  chlorine-coatalning  organic  compounds.  Divinyl  nitril  rub¬ 
bers  possess  a  high  heat  conductivity,  they  are  more  resistant  to  the 
action  of  oxygen,  heat  and  light  than  NK.  Di  vinyl  nitrile  rubbers  are 
semiconductors  with  regard  to  their  electrical  properties  (specific 
resistance  10^°  ohm* cm):  The  dielectric  constant  exceeds  by  several 
times  that  of  NK  and  other  types  of  SK.  Nonmodified  divinyl  nitrile 
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rubbers  must  undergo  a  mastication  by  means  of  cold  rolls,  the  modified 
dlvlnyl  nitrile  rubbers  do  not  require  a  pretreatment.  The  hard  divinyl 
nitrile  rubbers  possess  lower  technological  properties  than  dlvlnyl 
styrene  rubbers.  The  technological  properties  of  the  modified  divinyl 
nitrile  rubbers  are  higher.  Sulfur  and  the  same  accelerants  as  for  the 
mixtures  of  divinyl  styrene  rubbers  are  used  for  the  vulcanization  of 
dlvlnyl  nitrile  rubbers.  Organic  peroxides  (dicumyl  peroxide,  etc.), 
halogen-containing  compounds  and  formaldehyde  resins  may  also  be  used 
for  the  vulcanization.  Active  fillers  prove  to  have  the  same  effect  on 
dlvlnyl  nitrile  rubber  as  on  dlvlnyl  styrene  rubbers.  Plasticizers  of 
the  esther  type,  dibutyl  phthalate,  dlbutyl  sebacinate,  trlcresyl  phos¬ 
phate,  etc.,  are  widely  used  to  Improve  the  technological  properties  of 
the  stocks  and  also  to  boost  the  elasticity  and  frostproofness  of 
divinyl  nitrile  rubbers.  An  increase  of  the  adhesion  of  divinyl  nitrile 
rubber  compounds  is  attainable  by  addition  of  yarresine,  indenecouma- 
rone  resin,  and  other  substances.  Nonfilled  divinyl  nitrile  rubbers  have 
low  mechanical  properties:  the  tensile  strength  of  SKH-26  and  SKN-40 
rubbers  amounts  to  40-60  and  60-80  kg/cm  ,  respectively. 

The  properties  of  divinyl  nitrile  rubbers  depend  mainly  on  the  pro¬ 
portion  of  acrylonitrile  in  them.  Increase  in  tensile  strength,  resist¬ 
ance  to  tear  and  abrasion,  resistance  to  swelling  in  benzene  and  oils, 
and  also  a  lowering  of  the  elasticity  and  frostproofness  of  divinyl  ni¬ 
trile  rubbers  appear  when  the  proportion  of  nitrile  groups  is  increased. 
Carbon-black  dlvlnyl  nitrile  rubbers  are  characterized  by  high  mechani¬ 
cal  properties  and  a  good  resistance  to  abrasion,  which  is  by  30-35£ 
higher  than  that  of  NK.  The  heat  resistance  of  dlvlnyl  nitrile  rubbers 
is  markedly  lower  than  that  of  NK  and  equal  to  that  of  dlvlnyl  styrene 
rubbers;  the  heat  buildup  at  alternating  deformations  is  somewhat  lower 
than  that  in  divinyl  styrene  rubbers.  The  low  elasticity  and  reduced 
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frostproofness  are  disadvantages  of  the  divinyl  nitrile  rubbers. 

Modified  SKN  rubbers  show  somewhat  reduced  tensile  strengths  (260- 
280  kg/cm2  for  SKN-26,  and  270-300  kg/cm2  for  SKN-40)  and  moduli  of 
elasticity  at  a  200#  elongation.  The  good  resistance  to  thermal  aging 
is  an  essential  advantage  of  the  divinyl  nitrile  rubbers.  They  surpass 
in  this  regard  the  NK  and  the  divinyl  styrene  rubbers.  Heatproof  SKN-26 
rubbers  filled  with  calcium  silicate,  stabilized  by  mercaptobenzlmlda- 
zole  and  dimethylphenyl  p-cresol,  containing  tiuram  as  an  accelerant, 
maintain  a  sufficient  elasticity  after  aging  at  150°  for  7-10  days. 

D1  vinyl  nitrile  rubbers  with  an  increased  resistance  to  thermal  aging 
(in  comparison  with  sulfur  rubbers)  may  be  obtained  by  vulcanization 
with  phenolformaldehyde  resins.  D1  vinyl  nitrile  rubbers  surpass  marked¬ 
ly  rubbers  of  other  polymer  types,  apart  from  thiokols  and  fluorine 
polymers,  with  regard  to  their  resistance  to  gasoline  and  oil. 

Vulcanized  divlnyl  nitrile  rubbers  with  a  high  resistance  to  oils 
at  high  temperature  (200°)  may  be  obtained  by  using  halogen-containing 
compounds  (chloranil,  benzotrichloride,  etc. ).  The  tensile  strength 

O 

after  swelling  in  Autcl-l8  at  200°  for  24  hours  is  equal  to  165  kg/cm 

p 

for  SKN-26  rubbers,  and  equal  to  344  kg/cm  for  chloranil-contalning 

SKN-26  rubbers.  The  gasproofness  of  divinyl  nitrile  rubbers  surpasses 

that  of  other  SK  and  NK,  with  the  exception  of  butyl  rubber  and  thlokol. 

2 

The  penetrability  of  water  vapor  amounts  10-12  g  per  1  hr  and  1  cm 
surface  at  a  pressure  of  1  mm  mercury  column  and  1  mm  thickness  of  the 
plate;  it  is  equal  to  2-4  g  for  NK  rubbers.  The  water  adsorption  of 
divinyl  nitrile  rubbers  is  somewhat  higher  than  that  of  NK  and  SK  rub¬ 
bers:  it  is  equal  to  To#  by  weight  for  SKN-25  rubbers,  and  to  6.5#  by 
weight  for  NK  rubbers.  Divinyl  nitrile  rubbers  possess  a  sufficient  re¬ 
sistance  to  ozone.  They  have  low  electrical  insulating  properties  and 
are  used  for  the  production  of  current-conducting  rubbers.  The  dielec- 
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trie  constant  at  a  frequency  of  50  cps  Is  2.69  for  NK  rubbers,  and  11 
for  SKK-26  rubbers.  Di vinyl  nitrile  rubbers  become  well  adherent  to  me¬ 
tals  by  naans  of  diverse  methods;  they  are  compatible  with  NK,  other  SK, 
and  plastics.  Addition  of  20$  NK  Improves  significantly  the  technologi¬ 
cal  properties  and  the  stickiness  of  the  raw  stocks,  not  changing  the 
mechanical  properties  of  carbon-black  rubbers,  not  deteriorating  the 
resistance  of  the  rubbers  to  swelling  and  thermal  aging,  and  also  the 
resistance  to  high  temperatures.  Thlokols  are  strongly  compatible  with 
divinyl  nitrile  rubbers,  and  make  possible  the  production  of  rubbers 
with  an  elevated  resistance  to  oil  and  gasoline;  dlvlnyl  nitrile  rub¬ 
bers  are  compatible  with  polychlorovlnyl  (PVKh)  and  phenolformaldehyde 
resins  In  any  proportion.  Addition  of  PVKh  Improves  the  technological 
properties  of  the  compounds.  It  Increases  the  tear  resistance,  the  re¬ 
sistance  to  swelling  and  natural  aging  of  the  rubbers,  but  It  lowers, 
however,  the  tensile  strength  and  the  elasticity.  A  comastication  of 
PVKh  with  lOJf  SKN-26  at  a  raised  temperature  gives  blends  whose  speci¬ 
fic  Impact  resilience  surpass  by  4  times  that  of  vlniplast.  Dlvlnyl  ni¬ 
trile  rubbers  are  compatible  -..ith  polystyrene  and  the  styrene-acryloni¬ 
trile  copolymer.  Mechanical  treatment  of  polystyrene  with  dlvlnyl  ni¬ 
trile  rubber  In  a  mixer  for  10  min  at  135-150*  gives  a  compound  with  a 
somewhat  Increased  resilience.  A  significant  Increase  of  the  resilience 
(by  more  than  6  times)  Is  obtained  under  the  same  conditions  by  me¬ 
chanically  mixing  of  styrene  and  acrylonitrile  copolymers  with  dlvlnyl 
nitrile  rubber. 

Ebonites,  surpassing  those  from  NK  with  regard  to  their  mechanical 
properties,  the  thermostability  and  oilproofness,  can  be  obtained  on 
the  basis  of  dlvlnyl  nitrile  rubbers.  Dlvlnyl  nitrile  rubbers  are  used 
mainly  for  products  for  which  a  high  resistance  to  oil  and  gasoline  Is 
required.  Oil-  and  gasollneproof  hoees,  diverse  packings  working  in  oil 
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and  solvent  media,  gasoline  containers  and  other  oil-  and  gasoline- 
proof  rubbers  aud  ebonites  are  produced  from  divinyl  nitrile  rubber. 
Divinyl  nitrile  rubbers  are  used  for  rubber  products  working  at  raised 
temperatures  (up  to  150°),  owing  to  their  good  resistance  to  thermal 
aging.  Divinyl  nitrile  rubbers  are  used  as  current-conducting  rubbers. 
Fireproof  coatings  are  made  from  compounds  of  divinyl  nitrile  rubber 
with  PVKh. 

The  properties  of  divlnyl  nitrile  rubbers  are  quoted  in  Tables 
1  and  2. 


TABLE  1 

Properties  of  Di vinyl  Nitrile  Rubbers 
with  50  Parts  by  Weight  of  Channel 
Carbon  Black 


t  n«a«TMi 

t  CKH-1 1 

CKK-20  i 

GKH-40  1 

1  aa  paapua  <*»  cm*) 

4  Moayaa  a  pa  J0u\-aoa  ya aa- 

man  (««*) . 

1  Onmcarrjtaa«r  yiMMn 

290-270 

90-110 

450-950 

1 5—20 

1 

t  (9-90 
70-72 
39—40 

C.  19-0.20 
0.4— 0.9 

200-  300 

100—1 20 

950-090 

20-30 

95-70 

70-75 

20-31 

0  02 

300-330 

120-130 

000-700 

•  Ocr.rtr.ao.  ymmii  (%)  . 

'  Cnapnraaania.  piuapy 

1  Taepaom  m>  TM-2  ... 

.1  mi  a reaoay  (%) 

K'r— tanpoaocToftaocra: 

20-30 

74-71 

74-70 

19-20 

0.  IS-0. 20  ! 

0.02 

npa — IS*  || . 

1  iT.wn-pa  ipyaaocra  (*C»  .  .  • 
K‘*4a  Tran»i>»Typ.<To4 
ancra  npa  100':  Ij 

14  bo  Bpo.aorra  aa  pa  ,->*» 

It  no  oraotaT».i..'i"ay  )ut- 

0.4-0. 7 
-9* 

0  29-0  30 

0  43-0.40 

0.3-0. 4 

-40 

0.25-0.39 

0.94-0.97 

0.15-0.20 

-23 
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1)  Characteristics;  2)  SKN;  3)  tensile 
strength  (kg/crn^):  4)  modulus  at  300# 
elongation  Tkg/cm^);  5)  relative  elong¬ 
ation  (£);  6)  residual  elongation  (£); 

7)  tear  resistance  (kg/cm):  8)  TM-2 
hardness;  9)  resilience  (%) ;  10)  coeffi¬ 
cient  of  frostproofness;  11)  at;  12)  co¬ 
efficient  of  thermal  stability  at  100°; 
13)  for  the  tensile  strength;  15)  for 
the  relative  elongation. 
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TABLE  2 

Swelling  of  Carbon-Black  Rubbers 
from  Di vinyl  Nitrile  and  Natural 
Rubbers  in  Diverse  Solvents 
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I)  Solvents;  2)  increase  in  vol¬ 
ume  at  room  temperature  for  3 
weeks  (jg):  3)  SKN;  4)  NK;  3)  paraf¬ 
fin  oil;  6)  transformer  oil;  7) 
diesel  oil;  8)  linseed  oil;  9) 
heavy  gasoline;  10 )  light  gasoline: 

II)  turpentine;  12)  oleic  acid;  13) 
acetone;  14)  carbon  disulfide:  15) 
orthc-xylene;  16)  benzene;  17)  car¬ 
bon  tetrachloride;  18)  ethanol. 


References:  Borodina  I.V. ,  and  Nikitin  A. K. ,  Tekhnichesklye  svoy- 
stva  sovetskikh  sinteticheskikh  kauchukov  [The  Technical  Properties  of 
Soviet  Synthetic  Ruboers],  Leningrad-Moscow,  1952;  Sinteticheskiy 
kauchuk  [Synthetic  Rubber1,  edited  by  G.S.  Whitby,  translated  from  Eng¬ 
lish,  Leningrad,  1957;  Berlin  A. A.  [et  al. ],  Modifikatsiya  polivinil- 
khlorida  kauchukami  [Modification  of  Polyvinylchloride  by  Rubbers], 
"Vysokomolekulyarr.yye  soyedineniya, "  I960,  Vol.  2,  No.  8;  Golubeva  A.  V, 
[et  al. ],  stirola  [Synthesis  of  High-Strength  Materials  on  Basis  of 
Grafted  Styrene  Polymers],  "Flasticheskiye  massy,"  1959/  No.  1; 

Novikov  A. S.  [et  al. ],  "Kauchuk  i  rezina,"  No.  5,  pages  20-26. 

M.  D-  Gordin 
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DIVINYL  RUBBER  -  is  the  product  of  the  polymerization  of  divinyl 
in  presence  of  a  catalyst  lithium  metal  or  a  complex  catalyst.  It  is 
delivered  in  experimental  and  industrial  scale:  SKLD,  and  SKD  (in  USSR), 
cis-1.4,  trans-4,  ameripol  CB  (U.S.  ),  Htlls  I  and  II  (German  Federal  Re¬ 
public).  Polymers  containing  from  100#  cis-  to  nearly  100#  trans-links 
are  obtained  when  a  complex  catalyst  is  used.  The  polymer  with  a  cis- 
1.4  structure  l.s  of  the  greatest  interest;  it  is  amorphous  at  room 
temperature,  it  does  crystallize,  however,  easily  at  -40°,  t®^  of  the 
crystals  is  -10°.  The  trans-1. 4  divinyl  polymer  crystallizes  at  con- 
sierably  higher  temperatures.  The  cis-polybutadienes  are  rubber-like 
products,  the  trans-polybutadiene  "Trans-4,"  containing  about  90# 
trans-links,  is  similar  to  guttapercha;  it  is  hard,  resinlike,  and  has 
a  crystalline  structure.  Cis-polybutadienes  contain  Neozone  D  and  other 
antioxidants.  The  polymers  obtained  with  a  complex  catalyst  have  a  more 
regular  structure  as  polymers  obtained  with  metallic  lithium.  Polybu¬ 
tadiene  polymers  possess  a  relatively  high  resistance  to  oxidative  de¬ 
gradation.  SKD  is  sufficiently  workable  and  mixes  relatively  well  with 
ingredients.  Addition  of  gas-channel  carbon  black  reduces  strongly  the 
plasticity  of  the  polymer  and,  therefore,  the  compounds  filled  with 
carbon  black  have  insufficient  technological  properties.  Compounds  of 
SKD  with  NK,  ai vinyl  styrene  or  synthetic  polyisoprene  rubbers  in  the 
ratios  50:50,  30:70,  and  25:75  are  used  in  order  to  improve  the  tech¬ 
nological  properties  of  the  SKD.  SKD  is  not  adhesive.  Filled  rubbers  on 

SKD  basis  have  a  tensile  strength  up  to  80  kg/cm  ,  the  SKLD  grades  have 

2 

such  one  of  20-25  kg/cm  .  Rubbers  with  50  parts  by  weight  of  channel 
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black  surpass  in  their  tensile  strength  the  rubbers  on  SKID  basis,  but 
are  inferior  to  NX.  Cis-divinyl  rubbers  have  a  low  heat  resistance  at 
100°  in  comparison  with  NX.  At  20°,  SKD  and  SKLD  surpass  NX  in  elastici¬ 
ty  and  are  significantly  more  elastic  than  SKD-30A.  The  heat  buildup 
and  the  mechanical  losses  of  SKD  and  NK  carbon-black  rubbers  are  simi¬ 
lar  to  each  other  and  considerably  lower  than  those  of  SKS-30A  rubbers. 
SKD  rubbers  maintain  well  their  elasticity  and  strength  after  thermal 
aging,  and  surpass  in  this  regard  consierably  the  NK  rubber.  The  high 
frostproofness  and  abrasion  resistance  are  the  main  advantages  of  the 
SKD  rubbers  in  comparison  with  NK  and  SKS-30A  rubbers,  SKD  surpasses 
SKLD  with  regard  to  these  characteristics  (see  Table). 

TABLE 

Properties  of  SKD  Rubbers  Containing 
50  Parts  by  Weight  Gas-Channel  Car¬ 
bon  Black 
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1)  Characteristics:  2)  SKD;  3)  SKLD; 
4)  SKD:NK  (1:1);  5)  tensile  strength 
(kg/cm2);  6)  moduli  at  300%  elonga¬ 
tion  (kg/cm2);  7)  relative  elongation 
(56);  8)  residual  elongation  (%);  9) 
resilience  [%)i  10)  at;  11)  abrasion 
resistance  (cm3/kwh);  12)  tensile 
strength  at  100°  (kg/cm2);  13)  coef¬ 
ficient  of  frostproofness  at  -45°. 


The  valuable  properties  of  the  cis-1.4  divlnyl  rubber  permit  its 
use  as  a  rubber  for  general  purposes,  for  tires  and  technical  rubber 
products,  and  also  for  the  production  of  frostproof  products.  Motorcar 
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tires  made  from  cis-1.4  divinyl  rubber  possess  a  high  abrasion  resist¬ 
ance  and  a  low  heat  buildup. 

References:  Reykh  V. N.  [et  al.  ]  Svoystva  divinilovykh  kauchukov 
regulyarnogo  stroyeniya  i  ikh  vulkanizatsi  [The  Properties  of  Regularly 
Structured  Di vinyl  Rubbers  and  Their  Vulcanization],  "Kauchuk  i  rezina, " 
i960.  No.  10,  pages  6-12;  Babitskiy  B.  D. ,  Dolgoplosk  B.A.,  Krol'  V.A. , 
Sintez  i  izucheniye  nekotorykh  svoystv  1. 4-polibutadlena  [Synthesis  and 
Study  of  Some  Properties  of  the  1. 4- Polybutadiene],  "Khimicheskaya  nau- 
ka  i  promyshlennost ' , "  1957*  Vol.  2,  No.  3*  pages  392-393*  Kraus  Q. , 
Short  J. ,  Thornton  V. ,  "Rubber  and  Plast.  Age, "  1957*  Vol.  38,  No.  10, 
pages  88O-89I;  Short  J. N. ,  Kraus  G. ,  Zelinski  R.  P. ,  Naylor  F. E. ,  "Rub¬ 
ber  Chem.  and  Technol. , "  1959*  Vol.  32,  No.  2,  pages  6 14-627. 

M.  D.  Gordin 
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DIVINYL -STYRENE  LATICES  are  latlces  which  are  obtained  by  emulsion 
polymerization  of  a  mixture  of  divinyl  and  styrene  containing  no  more 
than  70#  by  weight  of  styrene ;  it  is  the  most  widely  used  class  of  the 
synthetic  latices.  These  latices  are  sometimes  considered  to  include 
the  corresponding  dispersions  of  the  plastics  obtained  by  polymeriza¬ 
tion  of  a  mixture  of  these  monomers  with  a  content  of  more  than  70#  by 
weight  of  styrene.  As  the  emulsifiers,  use  is  usually  made  of  the  an¬ 
ionic  surface -active  substances  (salts  of  the  fatty  acids,  modified  re¬ 
sin,  Nekal),  less  often  the  nonionogenic  substances  are  used.  We  dif¬ 
ferentiate  the  "hot"  divinyl -styrene  latices  which  are  synthesized  at 
temperatures  of  50°  and  higher,  and  the  "cold"  varieties  which  are  ob¬ 
tained  in  the  presence  of  oxidizing -reducing  systems  at  5-20°.  The 
polymerization  initiators  in  the  synthesis  of  the  "hot"  latices  are 
usually  potassium  persulfate,  less  frequently  isopropylbenzene  hydro¬ 
peroxide  and  diazoaminobenzene,  while  for  the  "cold"  latices  the  vari¬ 
ous  organic  hydroperoxides  are  most  frequently  used.  A  whole  series  of 
different  types  of  the  divinyl-styrene  latices  is  produced  (in  the  cap¬ 
italist  countries,  for  example,  there  are  several  dozen  bands  produced 
by  various  firms)  which  differ,  in  addition  to  the  polymerization  tem¬ 
perature,  also  in  concentration,  content  of  the  bound  styrene  in  the 
polymer,  its  elasticity,  the  particle  size,  the  nature  of  the  emulsi¬ 
fiers  and  antioxidants:  in  certain  commercial  latices  there  are  no  an¬ 
tioxidants.  Increase  of  the  relative  amount  of  styrene  in  the  copolymer 
leads  to  increase  of  the  stiffness  of  the  products  and  to  deterioration 
of  their  cold  resistance  as  a  result  of  increase  of  the  brittle  temper- 
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ature,  which  varies  approximately  in  proportion  to  the  bound  styrene 
content  in  the  range  from  -75-85°  (for  polydivinyl)  to  +76°  (for  poly¬ 
styrene).  On  the  other  hand,  increase  of  the  styrene  content  in  the 
polymer  is  accompanied  by  an  Increase  of  the  strength  of  the  unfilled 
vulcanizates  made  from  the  di vinyl -styrene  latices.  Production  of  films 

O 

from  the  "hot"  latices  with  strength  of  150-180  kg/cm  is  possible  only 
In  those  cases  when  the  polymer  contains  no  less  than  40$  styrene;  from 
the  latices  with  60-65$  bound  styrene  in  the  polymer,  we  can  obtain 
unvulcanized  films  with  good  physical -mechanical  properties  and  with 
high  resistance  to  oxidizing  aging.  The  use  of  the  "cold"  divinyl-sty¬ 
rene  latices  makes  possible  provision  of  satisfactory  strength  of  the 
vulcanizates  with  a  lower  content  of  bound  styrene.  The  plasticity  of 
the  polymer  in  these  latices  is  varied  with  the  aid  of  the  molecular- 
weight  regulators,  primarily  the  mercaptans  or  the  xanthogendlsulf ides, 
while  the  particle  size  and  the  latex  viscosity  varies  as  the  result  of 
the  variation  of  the  amount  and  the  nature  of  the  emulsifiers  and  the 
introduction  of  small  quantities  of  the  mineral  salts  or  of  finished 
latex  into  the  original  emulsion.  The  relative  quantity  of  water  in  the 
mixture  being  polymerized  In  the  synthesis  of  the  commercial  divinyl - 
styrene  latices  is  on  the  average  less  than  in  the  production  of  the 
corresponding  emulsion  rubbers,  while  the  conversion  of  the  monomers 
(at  least  in  the  production  of  the  "hot"  latices)  is  usually  higher  (up 
to  100$). 

The  dry  substance  content  in  the  various  d invinyl -styrene  latices 
varies  from  20  to  65-70$.  The  highly  concentrated  latices  are  obtained 
by  evaporation  or  by  precipitation  in  the  presence  of  precipitation 
agents.  To  reduce  the  viscosity  of  the  concentrates,  use  is  sometimes 
made  of  agglomeration  of  the  particles  prior  to  concentration  by  means 
of  freezing  the  latices  under  gentle  conditions  (with  subsequent  thaw- 
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lng),  the  Introduction  of  certain  special  agents ,  or  under  a  pressure 
of  more  than  70  atmospheres.  The  particle  size  In  the  various  types  of 
the  dlvlnyl -styrene  latlces  produced  by  Industry  varies  In  the  range  of 
0.06-0.4  microns.  The  reaction  Is  usually  alkaline  (pH  of  8-11).  In  the 
majority  of  the  cases  these  latlces  thicken  well  with  the  Introduction 
of  small  quantities  of  the  caseinates,  polyacrylates  and  other  water- 
soluble  polymers.  The  stability  of  these  latlces  to  various  factors 
(mechanical,  temperature,  etc.)  depends  primarily  on  the  nature  of  the 
emulsifiers  contained  In  the  latlces,  the  degree  to  which  the  latlces 
cover  the  rubber  globules  and  the  pH  of  the  aqueous  phase.  The  surface 
tension  of  these  latlces  varies  ever  wide  limits  from  35  to  70  dynes/cm. 

The  dlvlnyl -styrene  latlces  are  used  for  the  production  of  sponge 
rubber  products,  structural  paints,  cements,  leather  substitutes  and 
for  Impregnation  of  tire  cord.  To  obtain  the  sponge  rubbers,  frequently 
use  Is  made  In  mixtures  with  the  natural  latex  of  spelcal  highly  con¬ 
centrated  "cold"  latlces  which  are  carefully  deodorized  and  which  con¬ 
tain  up  to  30J i  styrene  by  weight  In  the  polymer,  and  also  the  "hot" 
dlvlnyl -styrene  latlces  with  a  content  of  about  45J<  styrene  in  the  poly¬ 
mer  which  have  been  plasticized  with  oils;  the  salts  of  the  fatty  acids 
are  usually  used  as  the  emulsifiers  in  the  synthesis  of  these  latlces. 
Por  cord  Impregnation,  use  Is  made  of  the  "cold"  and  "hot"  dlvlnyl -sty¬ 
rene  latlces  with  rubber  concentrations  of  2Q-MO%  containing  25-45J< 
bound  styrene;  for  Improvement  of  the  adhesive  properties  there  are  fre¬ 
quently  added  dlvlnyl  vlnylpyrldine  or  divlnylalkyl  vlnylpyrldine  la- 
tloes  In  the  amount  of  20%  and  more.  For  production  of  paints,  use  is 
made  of  the  "hot"  dlvlnyl -styrene  latlces  with  a  high  styrene  content 
In  the  polymer  (55-70  weight  %)  which  are  usually  obtained  by  deep  poly¬ 
merization;  as  a  rule,  the  concentration  of  these  latlces  exceeds  k$%. 
Almost  all  the  dlvlnyl-styrene  latlces  can  be  used  as  bases  for  cements. 
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However,  in  this  case,  to  improve  the  strength  of  the  bonding  there  are 
introduced  into  the  low-styrene  latices  vulcanizing  ingredients  (with 
subsequent  heating)  or  small  quantities  of  other  bonding  materials 
(casein,  animal  glues,  etc.);  using  the  concentrated  high-styrene  lat¬ 
ices  (50-65^  bound  styrene)  we  can  obtain  strong  bonding  films  even 
without  vulcanization.  The  use  of  the  di vinyl -styrene  latices  for  the 
production  of  articles  by  the  methods  of  ionic  deposition  and  gelatin¬ 
izing  encounters  difficulties  in  connection  with  the  poor  physico-mech- 
anlcal  properties  of  the  raw  gels  made  from  these  latices.  For  this 
purpose  successful  use  has  been  made  of  the  modified,  so-called  carbo- 
xylate  dl vinyl -styrene  latices  which  are  synthesized  with  small  addi¬ 
tions  of  methacrylic  or  acrylic  acids  to  the  monomers. 

References:  Litvin  O.B.,  Sintetichesklye  lateksy  [Synthetic  Lati¬ 
ces],  M.-L.,  1953;  Synthetic  Rubber,  ed.  by  Q.S.  Whitby,  transl.  from 
Eng.,  L. ,  1957,  ch.  19;  Lebedev  A.V. ,  Fermor  N.A.,  KhNiP,  1957*  Vol.  2, 
No.  3,  P-  339-^7;  Slntez  lateksov  1  lkh  primeneniye  [Synthesis  of  Lati¬ 
ces  and  Their  Use],  coll,  of  articles,  L. ,  1961. 

A. I.  Yezrlyelev,  A.V.  Lebedev 
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DIVINYL  STYRENE  RUBBER  (divinyl  alpha-methyl  styrene  rubber)  —  is 
the  product  of  copolymerization  of  divinyl  with  styrene  or  with  alpha- 
methyl  styrene.  The  diverse  grades  of  methyl  styrene  rubber  (KIM)  dif¬ 
fer  in  the  ratio  of  divinyl  to  styrene,  in  the  initial  plasticity, 
workability,  the  other  properties  and  the  type  of  antioxidant  used.  In 
the  USSR,  nonmodified  divinyl  styrene  rubbers  (KIM)  are  delivered  with 
a  Defo  hardness  up  to  2500-3000  g  and  the  following  ratios  of  divinyl 
to  styrene:  90:10  (SKS-10;  SKMS-10);  70:30  (SKS-30;  SKMS-30);  50:50 
(SKS-50;  SKMS-50);  and  modified  ones  with  a  Defo  hardness  of  400-700  £, 
containing  14-17*  PN-6  oil:  (SKS-30  ARM-15;  SKMS-30  ARM-15;  SKMS-30- 
AHKM-15;  SKMS-30  ARKM-15).  In  the  U.S. ,  the  di vinyl  styrene  rubbers 
(KIM),  filled  with  diverse  oils  and  not  containing  oil,  are  delivered 
in  the  following  grades:  1000,  1001,  1002,  1500,  1501,  1512,  1703,  1712, 
1023,  1054,  etc.]  in  Canada  the  Polysars  Crilene  Crinol,  etc.,  are  pro¬ 
duced]  in  Italy  the  Europrenesj  in  the  German  Federal  Republic  Buna 
Httls  150,  152,  301,  etc.,  and  in  the  German  Democratic  Republic  Buna 
X-3,  X-4,  etc.  Divinyl  styrene  rubber  is  soluble  in  aromatic  hydrocar¬ 
bons,  gasoline,  and  chloroform]  it  is  insoluble  in  water,  alcohol,  ace¬ 
tone  and  other  fluids  with  associated  molecules.  The  specific  gravity 
of  SKS-10  is  O.919,  that  of  SKS-30  is  0.9^.  The  specific  heat  of  SKS- 
30  is  0.472  cal/degree.  The  refractive  indices  n  D  are:  1.525  for  SKS- 
10;  1.535  for  SKS-30,  and  1.5525  for  SKS-50.  T  ii  -75°  for  SKS-lOj  -60* 

o 

for  SKS-30,  and  -14°  for  SKS-50. 

Compared  with  NK,  the  divinyl- styrene  rubbers  are  more  gasproof, 
but  less  vaporproofj  they  are  resistant  like  NK  to  the  action  of  oxygen, 
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light  and  salts  of  manganese,  iron,  or  copper,  and  less  resistant  to 
the  action  of  ozone;  the  solubility  of  oxygen  in  divinyl  styrene  rubber 
is  less  than  in  NK;  divinyl  styrene  rubber  has  lower  technological  pro¬ 
perties  and  lower  adhesiveness.  Nonmodified  divinyl  styrene  rubbers 
must  undergo  a  mastication  by  thermal  oxidation;  the  modified  ones  do 
not  require  a  pretreatment.  Oil-filled  modified  divinyl  styrene  rubbers 
(SKS-30  ARM-15,  etc. )  have  the  highest  workability.  The  vulcanization 
of  divlnyl  styrene  rubbers  is  carried  out  with  sulfur  in  the  same  way 
as  that  of  NK.  Captax,  Altax,  thiuram,  guanidine,  sulfonamides,  etc., 
are  used  as  accelerants  of  the  vulcanization.  The  vulcanization  rate  of 
the  compounds  of  divinyl  styrene  rubbers  is  lower  than  that  of  the  com¬ 
pounds  of  NK,  and,  therefore,  higher  doses  of  sulfur  and  accelerants 
must  be  added.  Zinc  oxide  is  generally  used  as  a  promoter.  Carbon  blacks 
are  used  as  fillers:  gas-channel  carbon  black  has  the  highest  reinforc¬ 
ing  effect;  further,  chimney  soot,  IM-70,  spray-burner  soot,  etc. ,  are 
used.  Mineral  fillers  are  used  rarely  owing  to  their  low  reinforcing 
effect.  Softeners  are  used  to  Improve  the  technological  properties: 
vaseline  oil,  black  oil,  rubrax,  polydienes,  etc.  Plasticizers  as  di¬ 
butyl  phthalate,  dibutyl  sebacinate,  tricresyl  phosphate,  etc.  are  add¬ 
ed  to  improve  the  frostproofness  of  rubbers  on  divinyl  styrene  basis. 

The  adhesiveness  is  Increased  by  yarresin,  rub re sine,  and  indene  cou- 
marone.  Divinyl  styrene  rubber  is  strongly  compatible  with  SKB,  NK, 
poly-isobutylene,  and  reclaimed  rubber.  Addition  of  10-20#  poly-isobu¬ 
tylene  improves  markedly  the  technological  properties  and  the  adhesive¬ 
ness  of  the  stocks,  increasing  at  the  same  time  the  mechanical  proper¬ 
ties  of  the  rubbers.  The  mechanical  properties  of  nonfilled  divinyl 

p 

styrene  rubbers  are  low;  the  tensile  strength  achieves  35-50  kg/cm 

2 

(230-300  kg/cm  for  NK  rubbers);  the  rubbers  filled  with  carbon  black 
are  characterized  by  high  mechanical  properties.  The  elasticity  and 
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frostproofness  of  divlnyl  styrene  rubbers  become  reduced  when  the  pro¬ 
portion  of  styrene  is  increased.  A  comparison  of  the  properties  of 
dlvln/1  styrene  rubbers  with  a  divlnyl  -  styrene  ratio  of  70:30,  filled 
with  50  parts  by  weight  of  carbon  black,  with  the  properties  of  NK  is 
given  in  Table  1.  Compared  with  NK,  the  divinyl  styrene  rubbers  have  a 
higher  heat  building  and  a  relatively  low  resistance  to  alternating  de¬ 
formations,  the  latter  property  may  be  improved  by  addition  of  anti- 
fatigue  agents. 


TABLE  1 

Properties  of  Conditioned 
Divinyl  Styrene  Rubbers 
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6  II 

1)  Characteristics;  2)  divinyl  styrene  rubber;  3)  natural  rubber;  4) 
tensile  strength  (kg/cm2);  5)  relative  elongation  (£);  6)  residual 
elongation  i%)\  7)  tear  resistance  ( kg/cm);  8)  moduli  at  300£  elonga¬ 
tion  (kg/cm2);  9)  TM-2  hardness;  10 J  resilience  (%);  11)  brittleness 
point  (*C);  12)  abrasion  resistance  (cm3/kwh);  13)  coefficient  of  ther¬ 
mal  stability  at  100*;  14)  for  the  tensile  strength;  15)  for  the  rela¬ 
tive  elongation;  16)  aging  coefficient  after  72  hours  at  100°;  17)  co¬ 
efficient  of  the  frostproofness  at  -45*. 

Divlnyl  styrene  rubbers  are  sufficiently  resistant  to  the  action 
of  steam,  end  surpass  in  this  view  the  NK.  They  are,  similarly  to  the 
KK  rubbers,  not  resistant  to  ozone  in  atmospherical  concentrations, 
they  do  swell  in  gasoline,  benzene,  toluene,  arbon  tetrachloride. 
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mineral  and  vegetable  fats  and  oils  (set*  Table  2). 


TABLE  2 

Swelling  of  SKS-30  and  NK 
Rubbers  for  8  Weeks  at  20° 
(Volume-#) 


CMC- 10 

mi 

3  Aaiejtw*  ncao . 

71 

lit 

4  t  miN  . 

HO 

\  §0 

*  B*ainj| . 

211 

Jl« 

4  Smaumt  cnapt  . 

! 

2 

1)  SKS-30;  2)  NK;  3)  diesel 
oil;  4)  gasoline;  5)  benzene; 

6)  alcohol. 

SKS-30  rubber  absorbs  4.  5#  water,  NK  rubber  6.  5#*  With  regard  to 

the  gasproofness,  the  SKS-30  rubbers  are  of  the  same  quality  as  the  NK 

rubbers,  but  they  have  a  lower  water- vapor  proofness:  5-10  Instead  of 

2-8  g* cm/hr* cm  • mm  mercury  column  x  1CH°.  The  dielectric  properties  of 

SKS-30  rubbers  are  near  to  those  of  NK  rubbers  and  are  maintained  for  a 

long  time  at  rasied  temp 3ratures.  Ihe  specific  resistance  of  SKS-30 
14  14 

rubbers  is  7*10  ,  that  of  NK  rubbers  20' 10  ohm* cm.  The  specific  heat 

of  carbon-black  filled  SKS-30  rubber  is  u. 385  cal/g* degree  within  20- 
-100°,  and  the  conductivity  is  0.21  kcal/m*  hr*  degree.  Compared  with  SKS- 
30  rubbers,  the  carbon-black  filled  5KS-10  rubbers  have  a  lower  tensile 
strength,  a  lower  te«.r  resistance,  a  lower  resistance  to  thermal  aging, 
and  a  higher  elasticity.  SKS-10  rubbers  are  practically  no  different 
from  SKS-30  rubbers  with  regard  to  thermal  stability,  hardness  and  re¬ 
sistance  to  abrasion.  The  high  f rostp^oofness  is  the  main  advantage  of 
the  SKS-10  rubbers  (it  is  higher  than  that  of  NK,  and  significantly 
higher  than  that  of  SKS-30).  The  lower  resistance  (in  comparison  with 
SKS-30)  to  the  growth  of  cuts,  and  the  lower  resistance  to  alternating 
deformations  are  disadvantages  of  the  SKS-10  rubbers;  they  may  be  im¬ 
proved  to  a  high  degree  by  addition  of  antifatigue  agents  (nee  Table  3) 
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Carbon-black  filled  SKS-50  rubbers  are  practically  equal  to  SKS-30 
rubbers  with  regard  to  tensile  strength,  relative  and  residual  elonga- 


TABLE  3 


Exemplary  Properties  of  SKS- 
10  Rubbers  Containing  50 
Parts  by  Weight  of  Channel 


Carbon  Black 

!  IToK&MTflJin 

1 

CKC-IO 

2 

IXp.  -iMOCTI.  HI  paapua  (Kl***)  3 

ISO-220 

OTHnCHTeJIbHO*  yil.lnHCHHf  (*/,)  * 

550  —  650 

i  Octtv.mnot  y&MHeHHe  (%)  ■  ■  ■ 

15-25 

,°ConpoTaajieHiie  p*aa*py  (vie*) 

66-77 

'TTaepaixn.  no  TM-2 . 

65-72 

( 3JMCTITTR0CT j  no  OTCKOKV  '*/,) 

38-45 

SConpotHMemte  “cthi.ihhio 

(CM*  )  . 

230-280 

B  i  oTewnepaTypa  xpynHocm  (*C)  .  .  !5  ot— 7*  ao  —  77 

|  l  I  Ko^  txj>-  MOpOBO^TOiKOCTH  nDH 

1  -45* . 

0,40-0.54 

1  12Koi><fc#.  TtruioBoro  CTftpeHHn  npw 

f  100°  ■  Teienne  72  «iac.: 

#  13  oo  npofftocTH  Hi  paapuB  . 

0,65-0.70 

I  14  no  0TH0CHTfJlbH04y  ya^HHf- 

1  «mo  ....  . 

0.45-0.50 

1}  Characteristics;  2)  SKS-10$; 

3]  tensile  strength  (kg/cm2); 

4)  relative  elongation  ($}:  5) 
residual  elongation  (%) ;  o ) 
tear  resistance  (kg/cm);  7)  TM- 
2  hardness;  8)  resilience  ($): 

9)  resistance  to  abrasion  (cm3/ 
/kwh);  10)  brittleness  point 
/0C);  11)  coefficient  cf  frost- 

roofness  at  —45°;  12 ,  coeffi¬ 
cient  of  thermal  aging  at  100° 
for  72  hour j;  13}  for  the  ten¬ 
sile  strength;  14)  for  the  re¬ 
lative  elongation;  15)  from  ... 
t  O  •  •  •  • 


tion,  tear  resistance,  TM-2  hardness  and  resistance  to  thermal  aging. 
SKS-50  rubbers  have  a  lower  elasticity  (1-4-15$)  and  a  lower  coefficient 
of  frostproofness  (0.10-0.12  at  —20°  instead  of  0.40-0.60  for  SKS-30 
rubbers).  The  tensile  strength  of  SKS-50  rubbers  is  higher  than  that  of 
SKS-30  rubbers  when  inactive  fillers  (chalk,  for  example)  are  used  (77 
instead  of  22  kg/cm2). 

Divinyl  styrene  rubbers  (KIM)  with  a  di vinyl- styrene  ratio  of 
70:30  are  rubbers  for  general  purposes;  they  are  used  for  the  production 
of  tires,  conveyor  belts,  hoses,  diverse  packings,  molded  pieces,  ebon- 
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and  light  fine-porous  soles.  SKS-50  may  be  used  aa  an  admixture  to 
improve  the  technological  properties  of  divinyl  styrene  rubbers  with  a 
di vinyl-styrene  ration  of  70:30. 

References:  Borodina  I.  V. ,  Nikitin  A.  K.,  Teknicheskiye  svoystva 
sintetichesklkh  kauchukov  [me  Technical  Properties  of  Soviet  Synthetic 
Rubbers),  Leningrad-Moscow;  1959;  Sintetlcheskiy  kauchuk  [Synthetic  Rub. 
her),  edited  by  G. S.  Whitby,  translated  from  ihglieh,  Leningrad,  1957. 

E.  Ya.  Devirts 
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DOUBLE  REFRACTION  -  the  splitting  into  two  of  light  rays  on  pass¬ 
ing  through  an  anisotropic  medium.  Here  the  light  wave  is  broken  up  in¬ 
to  2  components  with  mutually  perpendicular  polarization  planes.  In 
single-axis  crystals  the  refraction  index  for  one  of  the  components  nQ, 
which  is  called  the  ordinary  ray,  is  independent  of  the  direction  of 
propagation,  while  the  refraction  index  for  the  other  component  ng 
(extraordinary  ray)  varies  from  the  value  of  nQ  when  the  ray  is  propa¬ 
gated  along  the  optic  axis  to  a  certain  extremevalue  for  a  direction 
perpendicular  to  the  optic  axis.  Depending  on  the  sign  of  the  differ¬ 
ence  ng  -  iIq  a  distinction  is  made  between  negative  (Island  spar,  etc.  ) 
and  positive  (quartz,  etc.  )  single-axis  crystals.  In  twin-axis  crys¬ 
tals  (mica,  gypsum,  etc.  )  the  index  of  refraction  for  both  rays  which 
are  obtained  on  double  refraction  depends  on  the  direction  of  propaga¬ 
tion.  The  double  refraction  of  twin-axis  crystal  can  be  characterized  by 
three  main  refraction  indices.  Double  refraction  can  be  obser/ed  also 
in  a  medium  with  an  artificially  produced  anisotropy,  for  example,  upon 
an  application  of  an  electric  field  (Kerr  effect)  or  mechanical  stress¬ 
es.  Methods  of  discovery  and  measurement  of  double  refraction  are  based 
on  the  interference  of  polarized  rays. 

L.  S.  Priss 
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DOUBLE  SHEAR  -  fracture  of  a  material  under  the  action  of  tangen¬ 
tial  stresses,  occurring  along  two  planes  parallel  to  the  action  direc¬ 
tion  of  the  external  forces.  Bolts,  rivets,  and  pins  in  Joints  of  the 
fork-lug  type  are  subject  to  double  shear.  In  order  to  determine  shear 

resistance  (T  )  specimens,  wire,  and  fasteners  are  generally  tested 
sr* 

under  double  shear. 

N. V.  Kadobnova 
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DRAVITE  —  see  Tourmaline. 
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DUCTILE  STRENGTH  -  resistance  to  failure  after  preceding  plastic 
deformation.  It  is  usually  Juxtaposed  to  brittle  strength  (see  Tearing 
Strength).  Ductile  strength  is  closely  tied  to  failure  by  shear.  Many 
materials,  depending  on  the  shape  and  dimensions  of  the  specimen,  tem¬ 
perature,  rate  and  other  loading  conditions  can  yield  both  brittle 
failure  (with  a  reduction  in  temperature,  increase  in  rate,  increase 
in  the  sharpness  of  notch  and  the  specimen’s  dimensions),  and  ductile 
failure  (when  the  aforementioned  factor  change  in  the  opposite 
direction).  The  effect  of  external  and  internal  factors  on  the  ductile 
strength  and  brittle  strength  varies  and  sometimes  it  is  opposite,  for 
example,  when  a  tension  specimen  is  notched  the  brittle  strength  is  re¬ 
duced  while  the  ductile  strength  Increases;  when  the  temperature  and 
loading  rate  are  reduced  the  brittle  strength  changes  little  (sometimes 
it  is  reduced)  while  ductile  strength  increases;  if  the  carbon  content 
in  hardened  steel  is  increased,  the  brittle  strength  is  reduced  while 
the  ductile  strength  increases,  etc. 

Ya.  B.  Fridman 
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LURABUS  SHAPING  BRONZE  -  a  bronze  with  high  durability  and  the 
ability  to  resist  grabbing,  used  in  the  manufacture  of  friction  compon¬ 
ent*.  These  alloys  include  Tin  bronzes.  Aluminum  bronzes,  Silicon  bron¬ 
zes,  and  Beryllium  bronzes  (Table).  Tin  shaping  bronzes  contain  up  to 

Properties  of  Durable  Shaping  Bronzes 


1)  Alloy;  2)  type  of  semifinished  product;  3)  HB  (kg/mm2);  4)  coeffi¬ 
cient  of  friction;  5)  with  lubricant;  6)  without  lubricant;  7)  BrOF7- 
0.2;  8)  BrOF6.5-0.15;  9)  BrOF6.5-0.4;  10)  Br0F4-0.25;  11)  BrOTs4-3;  12) 
BrOTsS4-4-2. 5;  13)  $rOTsS4-4-4;  14)  BrKMts3-l ;  15)  BrKNl-3;  16)  BrAZh9- 
4;  17)  BrAZhMts 10-3-1. 5;  18)  BrAZhN10-4-4;  19)  BrB2;  20)  hard  bars;  21) 
hard  wire;  22)  semlhard  strips  and  bands;  23)  heat-treated  bars;  24) 
pressed  bars. 

7 %  Sn,  since  a  higher  tin  content  hampers  pressure  working.  These  bron¬ 
zes  have  a  monphasic  solid-solution  structure.  Tin  gives  the  alloy  high 
mechanical  properties,  durability,  and  the  ability  to  resist  grabbing. 
Phosphorus  also  gives  it  antifriction  properties  and  increases  its  dur¬ 
ability.  However,  casting  bronzes,  which  contain  9till  greater  quanti¬ 
ties  of  Sn  and  P  and  have  a  heterogeneous  structure,  have  higher  anti¬ 
friction  characteristics  than  monophasic  shaping  alloyB.  Bars  of  BrOFf- 
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0.2  and  Kr0P6.5-0.15  bronze  are  used  for  bearings,  which  are  manufac¬ 
tured  as  bushings  that  will  function  at  moderately  high  specific  pres¬ 
sures  and  sliding  speeds  or  under  high  loads  at  low  sliding  speeds. 
Br0P6.5-0.4  bronze,  which  is  produced  in  the  form  of  screen  wire  and 
wire  for  paper-making  machines  and  for  the  slate  industry,  is  distin¬ 
guished  by  high  durability  and  good  corrosion  resistance  in  solutions 
of  salts  and  organic  compounds.  Zinc  reduces  the  technological  charac¬ 
teristics  of  the  alloy,  while  lead  Increases  its  antifriction  charac¬ 
teristics  and  Improves  its  cuttability;  the  lead  content  should,  how¬ 
ever,  be  limited  to  several  since  this  element  greatly  hampers  pres¬ 
sure  working.  Shaping  bronzes  containing  lead  can  be  worked  only  when 
cold.  These  alloys  are  used  in  the  manufacture  of  bushings  and  bearing 
linings.  Aluminum  bronzes,  which  have  higher  strength  and  hardness, 
have  a  lower  grabbing  resistance  and  durability  than  tin  bronzes,  al¬ 
though  they  function  reliably  under  moderately  severe  conditions  when 
well  lubricated.  In  many  cases  gears,  worms,  guidesleeves,  noncritical 
bush  bearings,  and  other  components  are  made  of  aluminum  bronzes.  Alum¬ 
inum-iron-nickel  bronze  ( BrAZhNl 0-4-4 ) ,  which  contains  N1  and  has  a 
very  high  hot  strength,  is  recommended  for  components  which  do  not 
function  under  thermal  stress.  The  silicon-nickel  bronze  BrKNl-3  is  al¬ 
so  Intended  for  use  at  elevated  temperatures  and  low  specific  pressures 
and  sliding  speeds  (See  Structural  shaping  bronze). 

Beryllium  bronze,  which  has  the  highest  elasticity,  strength,  and 
hardness  of  these  alloys,  has  been  successfully  used  in  cases  of  vibra¬ 
tion  friction,  where  residual  deformation  of  the  material  is  impermis¬ 
sible,  as  in  the  ball-and-socket  Joints  of  instruments  and  assemblies. 
Silicon-manganese  bronze  is  used  as  a  corrosion-resistant  durable  ma¬ 
terial  in  the  manufacture  of  screens  and  grids  which  must  function  in 
sewage,  vaporizers,  smoke  filters,  etc.,  as  well  as  in  the  production 


I-39b2 

of  noncritlcal  bearings. 


O.Ye.  Kestner 
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DURALUMIN  (duraluminum,  dural)  -  multicomponent,  shaping,  heat- 
strengthened  alloy  of  aluminum  with  copper  (2. 2-5. 2J$),  magnesium  (0.2- 
2. 750 ,  manganese  (0.  2-1. 0#)  and  mandatory  presence  of  silicon  and  iron. 
The  chemical  composition  of  all  the  existing  duralumin  brands  is  con¬ 
tained  within  the  abouve  limits  (Dl8P,  V65,  Dl,  Dl6,  VD17,  D19,  VAD1, 
etc. )  (see  Medium  Strength  Aluminum  Shaping  Alloys).  By  the  chemical 
composition  duralumin  belongs  to  the  Al-Cu-Mg-Si  system.  The  following 
phases  may  be  present  in  duralumin:  a-solid  solution,  S,  0,  MggSl,  W(A1 
2CU  MgSl),  The  Mn  present  in  duralumin  forms  with  Pe  and  other  alloying 
elements  complex  interne talllc  compounds  and  solid  solution  on  the  bas¬ 
is  of  these  compounds  (AlCuMn)  -  T,  AlMnCuFe,  AlPeSiMn,  FeMnAlg,  etc.  , 
which  do  not  participate  in  the  processes  of  the  strengthening  heat 
treatment.  Mn  produces  a  certain  increase  in  the  hardness,  strength, 
imparts  the  press  effect  and  Improves  the  anticorrosion  properties.  Dur¬ 
alumin  is  subjected  to  strengthening  heat  treatment,  which  consists  of 
quenching  with  natural  or  artificial  aging.  The  regime  of  heat  treat¬ 
ment  of  duralumin  is  determined  by  the  chemical  composition  and  the  op¬ 
erating  conditions  of  the  alloy  (pre -quench  heating  temperatures  490- 
-514°,  and  for  artificial  aging  100-200°). 

When  naturally  aged  duralumin  is  rapidly  heated  in  a  short  time  to 
250-300°,  "recovery1'  takes  place  Jn  it,  with  the  result  that  the  stren¬ 
gth  is  highly  reduced  and  reaches  the  values  of  freshly -quenched  dural¬ 
umin.  Artificial  aging  at  190°  for  6-20  hours  prevents  "recovery." 

The  properties  of  duralumin  depend  on  the  chemical  composition. 

Kind  of  preceding  deformation  and  the  heat  treatment  regime.  The  cor- 
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roslon  properties  of  duralumin  are  moderate,  for  which  reason  duralumin 
sheets  are  clad  by  pure  aluminum. 

References t  Bochvar,  A. A.,  Metallovedenlye  (Metal  Science),  5th 
edition,  Moscow,  1956;  Petrov.  D.A. ,  Voproay  teorll  splavov  aluminlya 
(Problems  of  the  Theory  of  Aluminum  Alloys),  Moscow,  1951;  "J.  Inst. 
Metals",  vol.  76,  part  3#  1949;  "Metallurgia",  vol.63.  No.  379,  1961. 

0.  S.  Bochvar,  K. S.  Pokhodayev 
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DYNAMIC  HEAT  GENERATION  -  result  of  elastic  hysteresis  due 
to  multiple  cyclical  deformations  of  materials.  In  many  rubber  products, 
for  example,  in  tires,  dynamic  heat  generation  may  result  in  overheat¬ 
ing,  which  has  a  detrimental  effect  on  the  service  life.  Heating  due 
to  dynamic  heat  generation  is  expressed  by  the  equation  \ t  n*kj.  where 
AT  is  the  excess  of  the  material's  temperature  over  the  temperature  of 
the  surrounding  medium,  3  are  the  specific  mechanical  losses  per  load¬ 
ing  cycle,  u>  is  the  loading  frequency,  k  is  the  effective  coefficient 
of  heat  transfer  to  the  medium,  and  J  is  the  mechanical  equivalent  of 
heat.  3  depends  on  the  mechanical  loading  regime.  In  the  case  of  a  har¬ 
monic  load  the  following  relationships  are  approximately  valid: 

i  .t  f%  J 

■4**:  :?-y.  frrJl 

in  which  f„  ani  c  are  the  stress  and  strain  amplitudes,  respectively, 

^  Is  the  phase  shift  angle  between  the  stress  and  the  strain,  E*  =  E'  + 
+  IE"  In  the  complex  dynamic  modulus,  and  K  is  the  Internal  friction 
modulus . 

M.M.  Resnikovskiy 
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DYNAMIC  MODULUS  OF  ELASTICITY  is  the  modulus  of  elasticity  deter¬ 
mined  from  the  rate  of  propagation  of  an  elastic  wave  v  in  the  speci¬ 
men.  It  is  known  that  i>=  VeTq,  ,  where  p  is  the  material  density.  The 
most  widely  used  methods  of  measuring  the  dynamic  elastic  modulus  in¬ 
volve  determining  the  vibration  resonance  frequency  fr< 

For  exciting  vibrations  In  the  specimen  for  determining  the  dy¬ 
namic  elastic  modulus,  use  may  be  made  of  electromagnetic,  piezoelec¬ 
tric,  electrostatic,  electrodynamic,  mechanical,  and  other  methods. 

For  the  determln  tion  of  the  dynamic  modulus  of  normal  elasticity 
E^,  use  is  made  of  longitudinal  or  transverse  vibrations,  and  for  the 
determination  of  the  dynamic  shearing  modulus  G^  use  is  made  of  tor¬ 
sional  vibrations.  For  longitudinal  vibrations  of  thin  rods  of  uni¬ 
form  section  (X  »  d,  where  X  is  the  length  of  the  elastic  wave  and  d 
is  the  diameter  of  the  speciment),  E^  is  related  with  the  resonant  fre¬ 
quency  by  the  equation: 

=  5,1910 10-'  P  dTl fH  **!*»',  kg/mm  ,  (1) 

where  i  and  d  are  the  length  and  diameter  of  the  rod  in  cm,  P  is  the 
specimen  weight  in  grams,  f  1  is  the  resonant  frequency  of  the  longi¬ 
tudinal  vibrations  in  Hz,  a  is  the  coefficient  of  linear  expansion  at 
the  test  temperature  t. 

For  bending  vibrations  of  a  freely  supported  circular  bar: 

£,=  1,0388.10-'  (iy.-jr—r/r, ■»/«•  kg/mm2,  (2) 

where  i,  d  P  and  a  are  the  same  as  in  equation  (1),  frt  is  the  reso¬ 
nant  frequency  of  the  transverse  vibrations  in  Hz.  For  torsional  vibra¬ 
tions  of  a  freely  supported  rod  with  discs  on  the  ends 
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Ga  =  4i°24 hmttVo  /'(,*•■  •***'.  kg/mm2,  ^ 


where  i^T  is  the  reduced  specimen  length  in  cm,  J»P  - » (  >  where  £ 

and  d  are  the  length  and  diameter  of  the  rod  in  cm,  L  ahd  D  are  the 
thickness  and  diameter  of  the  disc  in  cm,  f  ^  is  the  resonant  frequency 
of  the  torsional  vibrations  in  Hz,  y  is  the  specific  weight  in  g/cm  , 


6  is  a  coefficient  determined  from  the  equation  tgp/z 


where 


r  h_l*± 
A  /,  ,  '  d‘l 


.  (I,  and  I  .  are  the  moments  of  inertia  of  the  disc  and 
x  d  st 


rod), 


There  are  arrangements  which  permit  determining  the  dynamic  elas¬ 
tic  modulus  at  temperatures  of  2000°.  The  electrodynamic  and  piezo¬ 
electric  methods  are  used  most  often  for  measuring  at  high  tempera¬ 
tures.  The  capabilities  of  the  electromagnetic  and  piezoelectric  meth¬ 
ods  are  limited  in  temperature,  the  first  by  the  Curie  point,  the  sec¬ 
ond  by  the  temperature  at  which  the  crystal  loses  the  piezoeffect  (for 
quartz,  for  example,  500°)  if  special  measures  are  not  taken  to  cool 
the  transducers.  Tests  at  high  temperatures  where  the  effect  of  the 
oxide  film  may  be  noted  are  conducted  in  a  vacuum.  The  dynamic  elastic 
modulus  differs  from  the  elastic  modulus  determined  in  static  tests 
more  strongly  at  the  higer  temperatures  (figure).  Here  there  is  noted 


Effect  of  test  temperature  on  dynamic  E.  and  static  E  moduli  of  elas¬ 
ticity  of  Dl6T  alloy.  1)  E,  kg/mm2;  2)  aEd;  3)  temperature,  *C. 


primarily  the  effect  of  creep  deformations  superimposed  on  the  purely 
elastic  deformations  in  the  static  (usually  lasting  10-5  minutes)  de¬ 
termination  of  the  elastic  modulus,  lhe  variation  of  the  dynamic  elas- 
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Change  of  Dynamic  Elabtic  Modulus  with  Temperature 
Increase 


•iHaxeHitff  s3  (nl«a>)  IIPH  TPKrt-pax  (•('.) 


Cn/MB  1 

20 

too 

200 

300 

400 

5  00 

800 

RftO 

1000 

1200 

BM-1  3  .  . 

32500 

3 1 R00 

30500 

29300 

27900 

26000 

anon  J  .  . 

2*000 

— 

— 

— 

_ 

19000 

1  7700 

_ 

— 

3H437B  _  . 

22000 

— 

_ 

20700 

20100 

19500 

18H00 

1  7300 

_ 

— 

3H8R7  5  . 

22600 

— 

22100 

- 

20900 

— 

19800 

18100 

16100 

14000 

aimo .  . 

22R00 

22350 

21000 

21350 

20HU0 

20  i  00 

19500 

17800 

— 

— 

doxrcA  . 

21  109 

— 

20100 

19400 

1  8750 

1  7750 

17000 

— 

— 

- 

RT5-I  7 

I2R00 

- 

- 

— 

11200 

— 

10100 

9100 

.. 

— 

BTR-C  .  1  a 

12800 

12400 

12100 

11700 

1  1100 

(0700 

I01OO 

8200 

_ 

_ 

BT3-I  .  ,  .  Q 

12300 

1  tooo 

11500 

11100 

106C0 

_ 

8800 

— 

— 

— 

B95 . 

72R0 

8950 

R500 

6000 

_ 

_ 

— 

— 

— 

7300 

7050 

RR50 

6050 

_ 

__ 

— 

_ 

— 

AIR  +  u  •  ■}  > 

7400 

7200 

<800 

6500 

— 

_ 

_ 

— 

— 

— 

Hjiio  .  .  44 

4500 

4200 

3800 

— 

” 

— 

“ 

1)  Allp(yj  2)  value  of  E^  (kg/mm^  at  temperatures 

£\C2i^)  VM-lj  4)  El;  5)  EI437B;  6)  lOKhGSA;  7)  VT5-1 
S)  VT6-S;  9)  VT3-1;  10)  V;  11)  Dl6;  12)  ML10. 


References:  Lozinskiy  M.G.,  Vysokotemperaturnaya  metallografiya 
(High  Temperature  Metallography),  M.,  1956;  Mataushek  I.,  Ultrasonic 
Engineering,  translated  from  German,  M.,  1962. 


S.I.  Kishkina-Ratner,  L.A.  Stronina 
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DYNAMIC  STRENGTH  -  resistance  to  deformation  and  fracture  under 
nonstatic  loading.  Dynamic  strength  refers  to  fundamentally  different 
groups  of  properties:  strength  at  very  high  deformation  rates,  where 
Inertial  forces  and  wave-like  processes  have  a  material  influence, 
strength  at  elevated  deformation  rates,  where  inertial  forces  and  wave¬ 
like  processes  have  little  influence  (e.g.,  in  tests  to  determine  the 
Impact  strength  of  metals),  and  strength  on  repeated  loading  (see  Fa¬ 
tigue)  . 

Ya.B.  Fridman 
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DYNAMOMETER  (force -measuring  device)  -  device  for  measuring  the 

magnitude  of  foces.  Ihe  operating  principle  of  the  dynamometer  is  based 

on  measuring  the  elastic  deformation  of  the  working  part  of  the  device, 

that  is,  of  a  steel  component,  usually  of  intricate  shape  (spiral, 

elliptical  ring,  etc.  ),  due  to  which  the  measured  deformation  is  in- 
♦ 

cfeaped  and  the  sensitivity  of  the  dynamometer  is  improved.  Dynamos  ter 
are  subdivided:  1)  by  the  type  of  transmission  of  the  elastic  deforma- 
•  tions  to  the  measuring  devices  into  mechanical,  hydraulic  and  electri¬ 
cal;  2)  by  the  kind  of  recording  devices  into  arrow,  optico-mechanical 
and  automatic  recording;  3)  by  the  kind  of  load  which  they  measure  into 
universal,  coapiession,  tension  and  torsion;  4)  by  the  measurement  pre¬ 
cision  into  standard  (1st,  2nd  and  3rd  category)  and  working.  Standard 
dynamometers  of  the  3rd  category  serve  for  checking  testing  machines, 
devices  and  working  dynamometers;  they  are  checked  by  lat  and  2nd  cate¬ 
gory  dynamometers. 

Instruction  of  the  Committee  of  Standards,  Measures,  and  Measuring 
Instruments  establish  the  rules  of  checking  and  calibration  of  dynamo¬ 
meters  and  the  allowable  error  of  each  dynamometer  category,  which  are 
±0. 1#  for  1st  category  standard  dynamometer,  ±0. 2#  for  2nd  category 
dynamometer  and  ±0.5#  for  3rd  category  dynamometer.  The  error  of  class 
1  working  dynamometers  should  not  exceed  ±1.0#,  of  class  2  dynamometers 
should  not  exceed  ±2#,  Dynamometers  are  produced  in  several  standard 
sizes  for  loads  from  200  kg  to  1000  tons  and  more. 

N.  V.  Kadobnova 
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DYNAMO  STEEL  -  see  Electrical  Sheet  steel 


1255 


? 


1-980 


DYSCRASITE  ("poor  alloy”)  —  antimon- silver  Ag^Sb.  Is  contained  in 
certain  silver  ores;  the  composition  is  not  constant,  i.e. ,  the  Ag  con¬ 
tent  varies  from  72  to  84$,  on  the  average  it  is  72.9$;  these  substan¬ 
tial  variations  in  composition  are  due  to  the  presence  of  solid  solu¬ 
tions  of  Sb  in  Ag  and  of  Ag  in  Sb;  sometimes  As  as  noted  in  dyscrasite. 
The  mineral  is  rare;  it  forms  granular  and  lamellate  precipitations  and 
aggregates;  crystals  are  infrequent.  The  color  of  dyscrasite  is  silver- 
white  to  tin-white  with  a  yellow  and  black  iridescence;  Mohs  hardness 
is  3*5-4  (can  be  cut  with  a  knife);  specific  gravity  9. ^5-10, 0P7,  is 
nunl rtuuop&i'en t .  The  temperature  or  rormation  of  natural  dyscrasite  is 
483°;  it  sublimates  at  520°,  melts  incongruently  in  Ag  at  559°.  Has  been 
obtained  artificially:  1)  by  fusing  Ag  and  Sb  in  stoichiometric  propor¬ 
tions  at  560°;  2)  from  red  hot  pyrargyrite  (3Ag2S‘ SbgS^)  in  a  hydrogen 
stream.  Dyscrasite  is  a  good  conductor  of  electricity;  it  is  resistant 
to  HC1,  KCN,  KOH.  Is  soluble  in  HN(>3  with  precipitation  of  SbgO^.  Is 
used  as  a  crystal  detector  in  radio  engineering. 

References:  Betekhtin,  A.  G. ,  Mineralogiya  [Mineralogy-!,  Moscow, 

1550. 

V.  I  Magidovich 
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EDDY-CURRENT  METHOD  OP  FLAW  DETECTION  -  see  Flaw  detection  by  elec 
trical  induction. 
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EFFECTIVE  IENOTH  -  characteristic  used  in  buckling  calculations 
which  reflects,  alongside  with  the  absolute  length  of  the  compressed 
column,  the  effect  of  the  kind  of  end  restraints.  This  effect  is  char¬ 
acterized  by  the  coefficient  \i  (which  is  equal  to  unity  when  both  ends 
of  the  beam  are  hinged,  to  l/2  when  both  ends  are  rigidly  inserted, 
etc. ).  The  effective  length  is  equal  to  the  product  of  the  column 
length  and  the  coefficient  p.. 

Ya.  B.  Fridman 
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EFFECTIVE  STRESS  —  1)  see  True  Stress.  2)  For  combined  materials, 
foam  materials,  etc.,  it  is  the  characteristic  of  the  distribution  of 
stresses  between  individual  construction  and  structural  components. 
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EFTRELON  -  Is  a  modified  synthetic  heterochain  fiber  made  of  a 
mixed  polyamide;  the  copolymerization  product  of  caprolactam  (30-45#) 
with  AG  salt  (70-55#)*  It  is  manufactured  in  East-Germany  (GDR).  With 
regard  to  its  properties,  it  has  an  intermediate  position  between  ca- 
pron  and  nylon  66.  t  .  is  237° •  Eftrelon  is  characterized  by  a  good 
colorabillty,  softness  and  elasticity,  its  strength  is  not  lower  than 
that  of  Capron  and  Nylon  66;  it  has,  however,  a  high  shrinkage  (13#  in 
boiling  water). 

References :  Rogovin,  Z.A. ,  Osnovy  khimii  u  tekhnologii  proizvod- 
stva  khimicheskikh  volokon  [Principles  of  Chemistry  and  Technology  of 
the  Manufacture  of  Synthetic  Fibers];  Piller,  B.  and  Travnicek,  Z. , 
Sinteticheskiya  volokna  i  osobennosti  ikh  pererabotki  v  tekstil'noy  pro- 
myshlennosti  [Synethtic  Fibers  and  the  Peculiarities  of  Their  Treatment 
in  Textile  Industry],  translated  from  Czech,  Moscow,  i960. 

E.M  Ayzenshteyn 
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ELASTIC  AFTEREFFECT  -  lagging  of  the  deformation  of  a  solid  body 
with  respect  to  the  loading  process.  Elastic  aftereffect  consists  In 
the  fact  that,  as  a  result  of  Internal  friction  or  elasticity  imperfec¬ 
tions  in  materials,  the  deformation  changes  not  immediately  after 
changing  (or  applying)  the  lead,  but  gradually  "catches  up"  during  a 
certain  time  interval.  Thuo,  c.;e  load  "acts  afterward"  which  is  the  or¬ 
igin  of  the  term  "elastic  aftereffect."  The  lagging  of  deformation  be¬ 
hind  the  load  under  rapid  loading  is  expressed  in  the  fact  that  the 
specimen  first  yields  reduced  deformation,  which  then  increases  gradu¬ 
ally  without  an  Increase  in  the  load  (direct  elastic  aftereffect).  For 
the  same  reason,  under  rapid  unloading  (not  necessarily  to  zero)  the 
specimen  first  does  not  yield  a  reduction  in  deformation  which  corres¬ 
ponds  to  the  load,  but  late,  n  time  (even  in  the  absence  of  an  exter¬ 
nal  load)  the  deformation  is  gradually  reduced  (reverse  elastic  after¬ 
effect).  Reverse  elastic  aftereffect  Is  stimulated  by  heating.  It  Is 
possible  to  regard  creep  as  one  of  the  manifestations  of  direct,  and 
relaxation  as  one  of  the  manifestations  or  reverse  elastic  aftereffect. 
The  elastic  aftereffect  of  plastic  materials  and  of  structurally  Inho¬ 
mogeneous  materials  In  general  can  manifest  itself  quite  sharply  (fig- 


To  the  left  is  a  specimen  of  plastic  material  after  it  was  compressed 
to  4o#  of  residual  deformation.  To  the  right  is  the  same  specimen  after 
being  heated  to  100°  and  held  so  for  8  minutes  (Rosh  and  Eykhinger). 
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ure).  In  cork  type  highly  Inhomogeneous  and  porous  materials  the  entire 
deformation  consists  basically  of  the  elastic  aftereffect.  The  elastic 
aftereffect  also  Increases  highly  with  an  Increase  in  the  inhomogeneity 
of  deformation  and  due  to  the  effect,  primarily,  of  factors  which  are 
favorable  to  plastic  deformation,  for  example,  the  elastic  aftereffect 
in  flexure  is  smaller  than  in  torsion,  and  in  all-sided  compression, 
due  to  the  absence  of  tangential  stresses,  the  elastic  aftereffect  is 
not  observed.  The  elastic  aftereffect  for  magnesium  and  its  alloys  is 
high  due  to  the  low  symmetry  of  the  hexagonal  lattice.  It  is  very  im¬ 
portant  that  the  elastic  aftereffect  be  taken  into  account  when 
straightening  products  after  load  removal,  which  cam  result  in  warpage. 
Hence  when  tempering  after  straightening  an  attempt  is  made  to  produce 
an  as  complete  as  possible  reverse  elastic  aftereffect,  :'n  order  to  re¬ 
duce  further  warping  in  every  possible  way.  Direct  elastic  aftereffect 
plays  an  important  role  for  membrane  and  spring  materials.  When  heat¬ 
ing,  after  plastic  deformation,  aluminum  alloys  up  to  350-400°  and 
steels  up  to  400-600°,  the  presence  of  residual  miorostresses  and 
changes  in  the  elastic  limits  and  moduli  of  elasticity  with  the  temper¬ 
ature,  produces  an  additional  residual  (unlike  that  due  to  reversible 
thermal  expansion)  deformation,  which  is  called  theremoplastic  after¬ 
effect.  It  can  be  both  positive  (an  increase  in  the  previously  obtained 
residual  defozmatlon)  and  negative.  T1J.S  phenomenon  must  be  taken  into 
account  in  straightening  and  tempering  after  cold  deformation,  for  ex¬ 
ample,  after  winding  of  springs,  etc. 

References:  see  at  the  end  of  article  Internal  Irictlon. 

fa.  B.  Fridinn. 
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ELASTIC  DEFORMATION  -  deformation  which  disappears  completely  af¬ 
ter  the  external  load  is  removed.  Elastic  deformation  is  related  to  the 
reversibility  of  crystal  lattice  distortions  brought  about  by  stresses 
below  the  elastic  limit;  in  actual  materials  it  is  immediately  not  com¬ 
pletely  reversible  due  to  the  elastic  aftereffect  and  hysteresis  pheno¬ 
mena,  which  are  related  to  the  nonhomogeneity  of  deformation  and  struc¬ 
ture.  Elastic  deformation  is  accompanied  by  volumetric  changes,  which 
are  equal  to  the  sum  of  principal  elongations;  depending  on  the  stress¬ 
ed  state,  the  volume  can  increase  (extension)  or  decrease  (compression). 

N.  V.  Kadobnova 
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ELASTIC  ENERGY  -  energy  which  is  accumulated  in  a  body  (referred 
either  to  the  entire  body  or  to  a  unit  of  its  volume)  due  to  elastic 
deformation.  In  the  case  when  Hooke's  law  holds  under  static  loads  the 
magnitude  of  the  elastic  energy  of  a  body  is  equal  to  one -half  of  the 
product  of  the  force  by  the  displacement  corresponding  to  it:  in  ten¬ 
sion  it  is  ^PA,  where  P  is  the  tensile  force  and  A  is  the  absolute  e- 
longatlon;  in  bending  or  torsion  it  is  ^Mcp,  where  M  is  the  bending  or 
twisting  moment  and  «p  is  the  bending  or  twisting  angle  in  degrees.  In  a 
unit  volume  the  elastic  energy  is  equal  to  half  of  the  product  of 
stresses  by  the  corresponding  elongation,  for  example,  in  tension  It  is 
equal  to  ioe,  where  a  is  the  normal  stress,  and  e  is  the  relative  elon¬ 
gation  or  contraction.  The  magnitude  of  elastic  energy  and  its  store 
(see  Elastic  Energy  Store)  are  of  substance  for  the  timely  development 
of  deformation  and  failure. 

Ya.B.  Fridman. 
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ELASTIC  ENERGY  STORE  -  elastic  energy  accumulated  in  a  loading 
system  (for  example,  in  a  testing  machine).  The  accumulated  elas^'’  en¬ 
ergy  is,  at  a  specific  rate,  expended  for  the  process  of  deformation 
and  destruction.  This  rate  is  the  higher,  the  higher  the  elastic  energy 
store,  hence  the  value  of  the  elastic  energy  store  can  have  a  substan¬ 
tial  effect  on  the  rate  of  plastic  deformation  and  failure  and,  conse¬ 
quently,  on  the  measured  mechanical  characteristics.  After  the  plastic 
deformation  is  localized  (for  ex  mple,  in  the  neck  of  a  specimen  under 
tension)  or  the  destruction  is  localized  (near  the  apexes  of  developing 
cracks)  the  main  volume  of  the  body  being  deformed  outside  the  locali¬ 
zation  zones  also  becomes  an  elastic  energy  source.  The  elastic  energy 
store  for  a  given  load  increases:  with  an  Increase  in  the  dimensions 
(volume)  of  the  elastic  energy  source,  for  example,  upon  connecting  in 
series  with  the  volume  being  loaded  a  large  liquid  or  gas  accumulator; 
on  increasing  the  specimen's  dimensions  (i. e. ,  in  the  presence  of  the 
scale  factor),  with  a  reduction  in  the  rigidity  or  increase  in  the  sys¬ 
tem's  compliance,  for  example,  upon  changing  from  a  hydraulic  to  pneu¬ 
matic  pressure  of  the  Bame  magnitude  or  by  connecting  springs  in  series 
with  the  specimen.  Ihe  magnitude  of  the  elastic  energy  store  determines 
the  manner  in  which  the  loading  force  changes  with  time:  the  greater 
the  elastic  energy  store,  the  slower  does  the  force  drop  with  time 
(Pig.  l),  with  the  greater  overload  (as  a  result  of  a  reduction  in  the 
body's  resistance  in  the  process  of  failure)  and  the  more  avalanche- 
like  does  the  failure  end.  A  high  elastic  energy  store  is  particularly 
dangerous  in  bi -axial  tension,  when  the  flaw  sensitivity  is  higher  than 
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normal,  and  the  plasticity  of  certain  materials  is  lower  than  normal. 
Many  brittle  explosion -like  failures  of  large  installations  are  due  to 


the  large  elastic  energy  reserves  accumulated  in  the  system  (’’explo¬ 
sions’'  of  pressurised  duralumin  fuselages  of  English  ’’Corner'’  Jet  air- 


Fig.  1.  Effect  of  the  elastic  energy  store  on  the  kinetics  of  deforma¬ 
tion.  Biaxial  tension  of  flat  specimen  from  the  AMts  alloy  (6  ■  1  mm). 
Pnach  *  ^0  atm*  pn(T)  18  the  c*'anSe  in  the  external  load  with  time; 

Pa(t)  is  the  change  in  the  specimen's  resistance  with  time;  A(t)  is  the 

change  in  the  specimen's  deflection  with  time;  t  Is  the  test  time,  l) 
Elastic  energy  store  of  1540  kgm;  2)  elastic  energy  store  of  4.5  kgm 
(an  arrow  pointing  downward  shows  that  the  specimen  has  failed,  a  hori¬ 
zontal  arrow  means  that  the  specimen  has  not  failed).  A)  P  P  atm;  B) 
isp;  C)  nm;  D)  n;  E)  s;  F)  time,  sec.  n  3 


craft,  loaded  by  the  internal  pressure,  brittle  failures  of  all-welded 
"Liberty" -type  steel  ships,  brittle  failure  of  steel  tanks  and  large 
pipelines  subjected  to  internal  pressure,  brittle  failures  of  Jet  en¬ 
gine  housings,  etc. ).  The  degree  to  which  the  elastic  energy  store  ex¬ 
erts  its  effect  depends  highly  on  the  ability  of  the  material  or  compo¬ 
nent  to  absorb  energy  (in  plastic  deformation).  Thus,  for  example,  ten¬ 
sile  testing  under  identical  initial  conditions  (with  the  same  starting 
elastic  energy  store)  has  shown  that  the  deformation  of  a  more  plastic 
material  develops  with  time  along  a  damped  curve,  while  that  of  a  less 
plastic  material  is  more  accelerated,  up  to  complete  failure.  In  many 
cases  of  tension  and  flexure  the  elastic  energy  store  effects  the  kin¬ 
etics  only  after  the  highest  load  is  reached  (Pig.  2),  but  in  certain 

cases  an  increase  in  the  elastic  energy  store  results  in  a  perceptible 
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drop  even  in  the  highest  breaking  load,  for  example,  under  the  simulta¬ 
neous  effect  of  tension  and  torsion  when  pins  are  wound  onto  stacks 
with  different  compliance  (Pig.  3)*  In  estimating  and  comparing  the  ma- 


Pig.  2.  Deformation  diagrams  for  flexural  testing  of  specimens  from  the 
V95  alloy  with  different  compliance  (n)  of  the  loading  system,  l)  n  * 

<=  6  mm/ton;  2)  n  *•  31  mm/ton.  (The  difference  in  the  character  of  load 
drop  after  can  be  seen. )  A)  Load,  kg;  B)  deflection,  mm. 


terials  by  the  ascending  branch  of  the  deformation  diagram  the  effect 
of  the  elastic  energy  store  on  the  estimate  should  be  taken  into  ac¬ 
count.  To  reduce  the  tendency  of  designs  to  avalanche-  and  explosion- 


Fig.  3*  Deformation  diagrams  in  combined  tension  and  torsion  testing  of 
M8  x  1.25  pins  from  the  VT14  alloy  by  winding  onto  stacks  with  differ¬ 
ent  compliance  (n).  l)  n  •  0. 06  mm/ton;  2)  n  »  3- 3  nan/ton.  (The  sharp 
drop  in  P  and  absence  of  a  descending  section  on  the  diagram  with 


an  Increase  in  the  stack's  compliance  can  be  seen.)  A)  P  ,  kg;  B)  ab¬ 
solute  elongation,  mm.  08 


like  failure  it  is  necessary:  to  reduce  the  elastic  energy  store  of  the 
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loading  systems  by  reducing  their  dimensions  and  compliance,  the  degree 
of  conrpression  of  contact  surfaces,  etc.;  increase  the  energy  absorp¬ 
tion  capacity  of  the  material  (by  creating  structures  capable  of  high 
local  energy  absorption)  as  well  as  of  the  designs  (by  introducing 
shallow  and  smooth  transitions,  load  relieving  grooves,  etc. ). 

References:  Zilova,  T.K. ,  Petrukhina,  N.I.  and  Fridman,  Ya.B. , 

"DAN  SSSR"  [Proceedings  of  the  Academy  of  Sciences  of  the  USSR],  Vol. 
124,  No.  6,  page  1236,  1959;  Shevandin,  Ye. M.  [et  al. ],  Ibid.,  Vol. 

113,  No.  5 t  page  105/,  1957;  Nadai,  A.,  Plastichnost '  i  razrusheniv* 
tveroykh  tel  (Plasticity  and  Failure  of  Solid  Bodies].  Translated  from 
English,  Moscow,  1954. 

Ya.B.  Fridman. 
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[Transliterated  Symbols] 

nav  -  nach  -  nachal'nyy  ■  initial 
h  »  n  -  nagruzka  »  load 
c  •  a  ■  3oprotivleniye  ■  resistance 
wen  “  top  »  ispytaniye  -  test 
mskc  “  make  -  maksimum  -  maximum 
r.  ■  n  -  podatlivost'  *  compliance 
oc  ■  os  ■  osevoy  ■  axial 
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ELASTICITY  -  ability  of  bodies  to  restore  the  relative  position  of 
points  in  a  body  after  the  effect  of  external  forces  has  ceased. 


126) 
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ELASTICITY  —  is  the  ability  of  a  material  or  product  to  withstand 
without  destruction  considerable  elastic  deformations  caused  by  a  rela¬ 
tively  weak  power.  The  elasticity  of  an  object  may  be  obtained  either 
by  the  choice  of  a  corresponding  material  (rubber,  for  example),  where 
the  elasticity  Is  caused  by  the  peculiar  molecular  structure  of  the 
body  (see  High-elastic  deformation),  or  by  special  constructions  (mem¬ 
branes,  springs,  etc.)*  In  the  first  case,  great  deformations  of  mater¬ 
ial  are  caused  by  high  stress  on  the  material,  in  the  second  case  -  by 
low  stress. 

G.M.  Bartenev 
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ELASTICITY  OF  FIBER  -  Is  the  ability  of  a  fiber  or  thread  to  be 
restored  to  its  shape  after  a  deformation  caused  by  external  condition-. 
Elasticity  depends  on  the  properties  of  the  polymer  material  and  or.  the 
design  of  the  object  (on  the  elasticity  of  its  form).  Resilient,  elas¬ 
tic  and  plastic  deformations  occur  in  fibers  under  the  action  of  a  load; 
they  develop  at  a  different  rate,  the  former  two  determining  the  elas¬ 
ticity  of  the  material.  The  elasticity  of  the  shape  of  the  elementar 
filaments,  depending  on  the  structure  of  the  object,  is  slgnif leant  for 
the  elasticity  of  threads.  The  value  of  the  elasticity  may  be  expressed 
by  the  ratio  of  the  reversible  elongation  of  the  specimen  to  its  total 
elongation  (see  Elongation  of  fiber).  The  elongation,  however,  depends 
on  the  external  power  acting  on  the  specimen,  and  the  modulus  of  the 
deformation  (stretching,  compression,  etc. )  expressed  by  the  tangent 
of  the  slope  of  the  curve  in  the  load  —  elongation  diagram  is,  there¬ 
fore,  a  more  correct  characteristic.  The  determination  of  the  elasti¬ 
city  is  difficult  in  certain  products  (staple  fiber,  fiber  for  artifi¬ 
cial  fur,  etc.).  In  this  case  the  ability  of  a  fiber  tuft  to  be  restor¬ 
ed  to  Its  volume  is  determined,  and  this  value  is  termed  volume  elas¬ 
ticity.  This  term  is  conditional  and  does  not  have  a  physical  sense, 
because  the  volume  of  the  fibers  does  not  change  really  and  the  change 
of  the  volume  is  caused  by  the  change  in  the  elasticity  of  the  form  of 
the  discrete  elements  of  the  tuft,  l.e.,  it  depends  on  its  rtructure- 

V.A.  Berestnev 
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ELASTIC  REBOUND  METHOD  -  hardness  measurement  method  on  the  basis 
of  the  elastic  rebound  of  a  hammer  which  falls  on  a  specimen  from  the 
specified  height.  The  higher  the  rebound,  the  higher  the  ''hardness" 
which  is  measured  in  arbitrary  units.  For  thin  specimens  the  measured 
hardness  increases  with  an  increase  in  the  hardness  of  the  support, 
which  is  one  of  the  shortomings  of  the  elastic  rebound  method.  A  second 
shortcoming  of  the  elastic  rebound  method  is  the  distorting  effect  of 
elastic  properties  (according  to  this  method  rubber  and  glass  turn  out 
to  be  harder  than  steel),  for  which  reason  the  elastic  rebound  method 
cannot  be  used  for  comparing  materials  with  sharply  differing  moduli  of 
elasticity.  The  elastic  rebound  method  can  be  used  for  comparing  vari¬ 
ous  states  within  the  limits  of  a  group  of  materials  with  specific  val¬ 
ues  of  the  modulus  of  elasticity.  See  Shore  Hardness. 


Ya.  B.  Fridman. 
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ELBAITE  —  see  Tourmaline. 
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ELECTRICAL  INSULATING  COMPOUNDS  -  are  impregnation  or  sealing  com¬ 
pounds  which  do  not  contain  volatile  solvents  and  which  are  used  to 
seal  the  Joints  of  electrical  and  radio  equipment,  to  impregnate 
electrical  windings,  to  seal  the  junction  boxes  of  cables,  etc. 

Liquid  in  the  moment  of  their  application,  the  thermoplastic  elec¬ 
trical  insulating  compounds  harden  when  the  melt  is  cooled,  and  the 
thermosetting  ones  cure  owing  to  the  polymerization  processes  occurring 
in  them.  After  the  impregnation  and  the  sealing  of  the  electrical  wind¬ 
ing  the  hardened  electrical  insulating  compound  forms  an  insulating 
exterior  shell,  fills  the  hollows  and  pores  within  the  winding,  and  pro¬ 
vides  a  significantly  higher  degree  of  imperviousity  than  an  impregna¬ 
tion  by  means  of  electrical  Insulating  varnishes  (see  Electric  Insulat¬ 
ing  Varnish).  The  products  with  such  a  poured  (and  homogeneous)  insula¬ 
tion  are  highly  moisture  resistant,  and  shakeproof  have  an  increased 
breakdown  voltage  and  a  better  heat  emission.  Mineral  fillers,  usually 
powdered  quartz,  are  added  to  the  sealing  compounds  in  order  to  increase 
the  heat  conductivity,  to  reduce  the  coefficient  of  the  linear  thermal 
expansion,  and  to  improve  the  mechanical  properties.  The  impregnating 
electrical  Insulating  compounds,  in  contrast  to  the  sealing  ones,  have 
a  reduced  viscosity  and  do  not  contain  fillers. 

Thermoplastic  electrical  insulating  compounds  are  used  for  objects 
with  a  relatively  low  working  temperature  (generally  not  higher  than 
100°)  owing  to  their  tendency  to  melt.  They  are  prepared  by  fusing  the 
components  together.  The  following  belong  to  the  thermoplastic  1)  the 
bituminous  impregnating  electrical  insulating  compound  225  for  the  im- 
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Pregnation  of  the  windings  of  electric  motors  and  devices  with  working 
temperatures  of  not  higher  than  105°.  The  softening  point  (determined 
by  the  impression  of  a  ring  or  ball)  is  97-102°,  the  breakdown  voltage 
is  not  less  than  20  kv/mm  and  tan  6  is  not  higher  than  0.1  at  100°;  the 
compound  is  not  oilproof.  The  impregnation  (compounding)  of  the  wind¬ 
ings  is  carried  out  in  autoclaves  at  165-175°  in  a  vacuum  or  under  pres¬ 
sure.  2)  the  bituminous  sealing  electrical  insulating  compounds  MB- 70 
and  MB-90  are  used  to  seal  both  junction  boxes  of  power  cables  with  a 
voltage  up  to  3  kv,  and  terminal  boxes  of  cables  with  up  to  10  kv.  The 
drop  point  according  to  Ubbelohde  is  70  and  90°,  respectively;  the 
breakdown  voltage  is  not  less  than  35  kv/mm,  the  frostproofness  is  from 
—35°  to  -45°,  it  is  not  standardized;  the  shrinkage  is  about  9$.  3)  the 
sealing  electrical  insulating  compound  KETs  (VTU  MEP  OAA  504,009-53)  is 
a  fusion  of  cere sin  with  ethyl  cellulose;  the  frostproof ness  is  -60°. 

The  drop  point  according  to  Ubbelohde  is  not  less  than  125°;  the  break¬ 
down  voltage  is  about  20  kv/mm;  tan  6  is  0.003;  e  is  2.8,  and  py  is  not 
less  than  10  J  ohm* cm  after  exposition  to  a  relative  moisture  of 
for  24  hrs;  this  compound  is  used  to  seal  coils  of  devices  having  a 
working  temperature  of  up  to  80°. 

Thermosetting  electrical  insulating  compounds  are  mixtures  of  an 
unsaturated  polyester  resin  which  reacts  with  monomers  of  the  vinyl 
series,  of  epoxy  resin,  curing  agents  (amines,  anhydrides),  diisocya¬ 
nates  and  hydroxyl- containing  components,  etc. ;  plasticizers,  fillers, 
etc.,  are  frequently  added  to  the  compound.  The  fact  that  low-molecular 
by-products  do  no*-  originate,  is  a  characteristic  feature  of  the  curing 
of  thermosetting  electrical  insulating  compounds;  the  resulting  polymers 
are  infusible  and  insoluble.  Molds  (from  metal,  plastics,  etc.)  contain¬ 
ing  the  objects  are  filled  with  the  sealing  electrical  insulating  com¬ 
pound  (usually  in  a  vacuum)  in  order  to  obtain  a  poured  insulation;  the 
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polymerization  process  of  the  electrical  insulating  compound  also  oc¬ 
curs  in  these  molds.  The  walls  of  the  molds  are  covered  with  anti-ad¬ 
hesion  separating  layers  based  on  silicon  organic  rubber,  polyisobuty¬ 
lene,  etc.,  in  order  to  facilitate  the  emptying.  The  thermosetting 
electrical  insulating  compounds  are  used  in  electric  radio  engineering 
and  in  the  design  of  transformers.  To  this  class  of  compounds  belong: 

1'  The  impregnating  electrical  insulating  polyester  compound  KGMS-1 
(TU  MEP  OAA. 50^,010-53),  a  mixture  of  a  nonsaturated  polyester  resin 
and  styrene  (1:1).  A  polymer  with  high  insulating  properties  is  formed 
when  an  initiator  (benzoyl  peroxide)  is  added  and  the  mixture  is  heated: 
the  breakdown  voltage  is  20-25  kv/mm  at  20°  (for  specimens  with  a  thick¬ 
ness  of  0.8-1  mm);  the  specific  volume  resistance  is  1011  ohm* cm  at 
120°,  and  lO1^  ohm* cm  after  exposition  to  a  relative  moisture  of  97±2# 
for  48  hours;  tan  6  is  0.02-0.03  and  0.04,  respectively,  at  20°  and 
120°  and  for  50  cps;  e  (50  cps)  is  3.7-4. 5  at  20°.  The  polymerization  of 
the  KGMS-1  is  carried  out  by  gradually  raising  the  temperature  of  the 
impregnated  windings  up  to  120°,  holding  at  this  temperature  for  6-12 
hours  and  then  cooling  slowly.  This  compound  is  used  for  the  impregna¬ 
tion  of  apparatus  windings  which  work  under  tropical  conditions,  with 
working  temperatures  of  up  to  120-130°.  2)  The  impregnating  electrical 
insulating  polyester-acrylate  compounds  KP-10  and  KP-18  are  used  for 
the  impregnation  of  the  windings  of  electric  motors  and  devices  having 
a  permissible  long-time  working  temperature  of  130°.  These  compounds 
polymerize  within  20-30  minutes  at  125°  and  within  5-10  minutes  at  150°; 
they  have  a  high  cementing  property.  The  properties  of  the  KP  polymers 
are:  breakdown  voltage  (for  1  mm  thick  specimens)  23-30  kv/mm  at  20°, 
and  20-25  kv/mm  after  being  immersed  in  water  for  24  hours;  specific 
volume  resistance  10^-lC^  ohm*  cm  at  100°,  and  10^  ohm*  cm  after  being 
immersed  in  water  for  24  hours:  tan  6  (50  cps)  0.02-0.05  at  20°,  and 
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0.05-0.08  after  being  immersed  in  water  for  24  hours ;  e  (50  cps)  3.2- 
3.7  at  20°.  The  electrical  insulating  compounds  of  the  KP  type  make  it 
possible  to  use  high-speed  conveyor  lines  for  the  impregnation  and  dry¬ 
ing  of  electric  windings;  this  process  has  a  performance  time  of  15-30 
minutes  (instead  of  20-30  hours  at  the  usual  method  of  applying  impreg¬ 
nation  varnishes).  3)  The  cold-hardening  electrical  insulating  epoxy 
compounds  are  a  mixture  of  the  ED-5  epcxy  resin  (100  parts  by  weight) 
and  polyethylene  polyamine  (7-10  parts  by  weight).  A  solid  polymer  is 
formed  within  a  few  hours  at  room  temperature.  A  mixture  of  the  ED-6 
epoxy  resin  (100  parts  by  weight);  of  the  unsaturated  polyester  no.  1 
(25  parts  by  weight)  and  of  maleic  anhydride  (35  parts  by  weight)  is 
used  for  hot-curing;  240  parts  by  weight  of  powdered  quartz  are  added 
for  the  production  of  the  sealing  compound.  Hie  electrical  insulating 
compound  no.  2,  a  mixture  of  the  E-37  epoxy  resin  (100  parts  by  weight), 
a  fusion  of  phthalic  and  maleic  anhydrides  (40  parts  by  weight)  and 
powdered  quartz  (250  parts  by  weight),  is  used  for  the  poured  insulation 
of  high-voltage  at  20°  and  38  kv/mm  at  100°;  specific  volume  resistance 
10^  ohm*  cm  at  120°,  and  10^  ohm*  cm  at  20°  after  being  immersed  in 

p 

water  for  48  hrs;  impact  resilience  7-8  kg* cm/cm  ;  static  bending 

2 

strength  900-950  kg/cm  ;  heat  resistance  according  to  Martens  90-100°; 
tan  6  (50  cps)  0. 08  at  120°;  e  (50  cps)  4.6  at  20°.  The  electrical  in¬ 
sulating  epoxy  —  siliconorganlc  compound  EK-20  is  used  to  impregnate 
and  seal  electric  windings  having  working  temperatures  of  up  to  200°; 
it  is  liquid  at  80-100°  and  becomes  ^ured  by  phthalic  and  other  anhy¬ 
drides  at  100-200°.  The  tan  6  of  the  EK-20  remains  almost  unchanged 
when  the  voltage  is  raised  up  to  35  kv,  and  also  when  the  sealing  is 
exposed  to  tropical  moisture  for  more  them  500  hours.  The  properties  of 
the  EK-20  electrical  insulating  compound  (without  filler)  are:  25-30  kv/ 
/mm  breakdown  voltage  at  20°,  9-H  kv/mm  at  250°;  specific  volume  re- 


I-103K3 


sistance  lO1^  ohm* cm  at  120°,  10®-10^  ohm* cm  at  200°,  and  lO1^  ohm* cm 
after  being  immersed  in  water  for  5  days;  tan  6  (50  cps)  0.03-0.08  at 
130°;  e  (50  cps)  3.8-4. 2  at  20°;  impact  resilience  6-10  kg* cm/cm2; 
static  bending  strength  600-800  kg/cm  ;  stability  under  the  conditions 
of  tropical  moisture;  heat  resistance  according  to  Martens  60-65°.  4) 

The  impregnating  electrical  insulating  siliconorganic  compound  K-43 
(TU  MEP  M-312-53)  is  used  for  electric  windings  with  a  permissible  long¬ 
time  working  temperature  of  l80°.  It  contains  up  to  10#  volatile  sub¬ 
stances.  The  windings  are  impregnated  in  a  vacuum  or  under  pressure; 
the  polymerization  is  carried  out  step  by  step:  3  hours  at  150°  and 
then  at  l80°,  and  18-20  hours  at  200°.  The  tan  6  of  the  polymer  is  equal 
to  0.009-0.09  at  180°.  5)  The  electrical  insulating  methacrylic  com¬ 
pounds  MBK  (TU  GSNKh  10-56-60)  are  liquids  (methacrylic  esters)  which 
form  transparent  polymers  at  70-100°;  they  are  resistant  to  moisture 
and  weathering.  They  are  used  to  impregnate  and  seal  (with  addition  of 
a  filler)  objects  having  working  temperatures  of  up  to  120°;  for  elec¬ 
tric  radio  equipment  which  works  under  water,  and  also  under  considera¬ 
ble  vibration  loads.  The  nonplasticized  electrical  impregnating  com¬ 
pound  MBK-1  (the  plasticized  compounds  MBK- 2  and  MBK- 3  are  more  elastic) 
is  the  most  widely  used;  its  properties  are:  breakdown  voltage  (for  1- 

-1.5  mm  thick  specimans)  20-25  kv/mm  at  20°,  and  20-23  kv/mm  after  be- 

12 

ing  immersed  in  water  for  24  hours;  specific  volume  resistance  10 
ohm* cm  at  100°,  and  10  -10  J  ohm* cm  after  being  immersed  in  water  for 
10  days;  tan  6  (50  cps)  0.05-0.07  at  20°,  0.005  at  100°,  and  0.07-0.08 
after  being  immersed  in  water  for  10  days;  e  (50  cps)  3. 1-3. 5  at  20°; 

p 

impact  resilience  14-20  kg* cm/cm  ;  ultimate  static  bending  strength 
(without  rupture  of  the  specimens)  100- 160  kg/cm  .  6)  The  impregnating 
and  sealing  electrical  insulating  polyurethane  compounds  K-^O  and  K-31 
are  mixtures  of  diisocyanates,  castor  oil  and  styrene;  they  are  highly 
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elastic,  frostproof  and  have  only  a  minimal  shrinkage;  they  are  suita¬ 
ble  for  the  sealing  of  radio  units  containing  electronic  tubes;  they 

are  sensible  to  traces  of  moisture,  and  toxic  in  the  noncured  state;  a 

considerable  dependence  of  the  electrical  insulating  properties  (es¬ 
pecially  of  tan  6)  on  the  temperature  is  characteristic  for  these  poly¬ 
mers;  the  permissible  long-time  working  temperature  is  130°  for  filled 
K-30  and  K-31,  and  120°  for  the  nonfilled;  the  curing  of  the  polyure¬ 
thanes  is  carried  out  at  room  temperature  within  2-4  days,  or  at  60-80° 
within  some  hours.  The  properties  of  K-31  are:  breakdown  voltage  (for  1 
mm  thick  specimens)  29  kv/ram;  specific  volume  resistance  10li+  ohm*  cm  at 

20°,  1011  ohm* cm  at  100°,  and  lO1^  ohm* cm  after  being  exposed  to  a 

relative  moisture  of  95*3#  for  48  hours;  tan  6  (50  cps)  is  0. 08  at  20°, 
and  0.12  at  120°;  e  (50  cps)  is  4.4  at  20°.  Foamed  compounds  obtained 
by  the  introduction  of  gas-forming  substances,  porophores,  into  thermo¬ 
setting  electrical  insulating  compounds,  are  also  used  to  fill  and  seal 
radio  units.  The  foamed  compounds  have  the  properties  of  foamed  plas¬ 
tics,  particularly  a  very  low  weight  by  volume,  and  reduced  values  of 
tan  6  and  e.  The  foamed  epoxy  compound  with  a  weight  by  volume  of  0. 08, 

f. 

for  example,  has  a  tan  5  =  0. 006  and  e  =  1.5  at  10  cps;  the  values  of 
e  and  tan  6  rise  to  0. 03  and  7,  respectively,  when  powdered  aluminum  is 
added  to  the  foamed  compound. 

References:  Spravochnik  po  elektrotekhnieheskim  materialam  [Hand¬ 
book  on  Electroengineering  Materials],  Vol.  1,  Sect.  1,  Moscow,  1958; 
Chernyak  K. I. ,  Epoksidnyye  korcpaundy  i  iXh  primeneniye  [ Epoxy  Compounds 
and  Iheir  Application],  Leningrad,  1959* 


A.  K.  Vardenburg 
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ELECTRICAL-INSULATDtQ  GLASS  CLOTH  -  see  Electrlcal-lns, .lat.1nR 
cloth. 
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ELECTRICAL- INSULATINQ  RUBBER  -  rubber  used  in  electronics  for 
insulating  current-carrying  leads  and  cables,  as  well  as  in  the  manu¬ 
facture  of  special  gloves  and  shoes.  Rubber  of  this  type  is  produced 
from  natural  rubber  and  butadiene,  butadienstyrene,  silicoorganlc,  and 
butyl  gums.  Rubbers  manufactured  from  gums  containing  polar  groups 
(Cl,  CN,  etc. )  have  poor  electrical-insulating  characteristics.  Addi¬ 
tion  of  talc  or  separated  or  chemically  precipitated  chalk  to  the  rub¬ 
ber  mixture  improves  its  dielectric  properties.  Carbon  black  and  min¬ 
eral  fillers  containing  water-soluble  salts  cannot  be  employed  in  elec¬ 
trical-insulating  rubbers.  Nonpolar  compounds  (paraffin,  vasollne, 
wax,  special  bitumins,  etc. )  with  high  dielectric  characteristics  are 
used  as  softeners  in  such  rubbers.  Sulfur  and  tetramethylthiuram  disul¬ 
phide  serve  as  vulcanizing  agents  for  electrical-insulating  rubbers 
based  on  natural,  butadiene,  and  divinylstyrene  gums.  Tetramethylthiur- 
an  disulphide  Increases  the  thermal  stability  of  the  rubber,  specifi¬ 
cally  raising  the  working  temperature  of  current-carrying  leads  and 
cables  from  +55°  to  -r75°.  Use  of  such  rubbers  does  not  require  prelim¬ 
inary  tinning  of  the  copper  core.  Silicoorganlc  rubbers  are  vulcanized 
with  benzoyl  peroxide  or  dicumyl.  The  dielectric  characteristics  of 

electrical- insulating  rubbers  vary  over  a  wide  range,  depending  on 

11  IS 

their  composition:  deep  resistance  -  1*20  -1*10  ohm.cn,  tangent  of 

angle  of  dielectric  loss  -  0.005-0.01,  dielectric  permeability  -2.5- 
4.0,  and  breakdown  strength  -  20-35  kv/mm.  Rubbers  used  in  the  manufac¬ 
ture  of  leads  and  cables  can  be  divided  into  the  following  basi'' 
classes:  l)  normal,  based  on  natural,  butadiene,  ar  .  iivir.y* styrene 
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gums  and  used  for  Insulating  leads  and  cables  carrying  alternating 
voltages  of  up  to  3  kv.  The  core  working  temperature  ranges  up  to  75°; 

2)  highly  thermostable,  based  on  butyl  rubber  and  used  for  insulating 
■leads  and  cables  carrying  voltages  of  up  to  3  kv.  The  core  working 
^temperature  reaches  90°;  3)  high-voltage,  used  for  insulating  leads 
and  cables  carrying  voltages  of  more  than  3  kv.  The  core  working  temp¬ 
erature  reaches  65°  (for  rubbers  based  on  natural,  butadiene,  and  di- 
vinylstyrene  gums)  or  85°  (for  rubbers  based  on  butyl  gum).  High-volt¬ 
age  rubber  should  combine  good  breakdown-strength  indices  with  a  high 
resistance  to  ozone  cracking,  since  voltages  above  3  kv  ionize  the  air 
to  form  ozone,  which  destroys  stressed  rubbers  of  unsaturated  gums. 
Electrical-insulating  rubbers  based  on  butyl  gum  have  a  high  resist¬ 
ance  to  ozone  cracking  and  are  widely  employed  in  the  manufacture  of 
high-voltage  cebles;  4)  moisture- resistant,  which  is  used  for  leads 
and  cables  which  must  function  for  prolonged  periods  at  a  relative 
humidity  of  98#.  The  electrical  characteristics  of  such  rubbers  should 
be  little  affected  by  these  conditions.  The  moisture  absorption  of 
this  type  of  rubber  over  7  days  at  70°  should  not  exceed  3»2  mg/cm  . 

The  core  working  temperature  reaches  65°  (for  rubbers  based  on  natural 
gum)  or  90°  (for  rubbers  based  on  butyl  gum).  Dcproteinlzed  natural 
gum  or  synthetic  gums  containing  minimal  quantities  of  water-soluble 
substances  are  used  in  moisture-resistant  electrical- Insulating  rubbers; 
gums  with  polar  groups  (Cl,  CN,  etc.)  are  not  recommended.  Talc  is  the 
principal  filler,  while  special  bltumins,  paraffin,  and  stearic  acid 
are  used  as  softeners;  5)  thermostable,  which  are  based  on  ailicoorgan- 
ic  gums  arid  are  employed  for  leads  which  must  function  at  ambient  temp¬ 
eratures  of  +150°  to  +200°.  The  gum  most  widely  used  in  such  rubbers 
t*  SKTV-01  (methylvinylpolyslloxarc) ,  while  aerosol,  BS-280,  etc.  sili¬ 
ca  gel  serves  as  the  filler.  Wire  and  cable  with  rubber  insulation  is 
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manufactured  in  continuous-vulcanization  units,  which 
tion  of  the  rubber  mixture  to  the  current  carrier  and 


combine  applica- 
vulcanization. 
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ELECTRICAL  INSULATION  FABRIC  -  is  used  for  making  electrical  insu¬ 
lation  materials  (varnished  cambric,  textolites,  micanites,  etc. ).  The 
greatest  bulk  of  electrical  insulation  fabrics  produced  by  the  textile 
Industry  and  certain  glass  fabrics  are  varnished.  The  materials  * hus 
obtained  are  called  varnished  cambric.  The  varnish  coating  imparts  them 
their  electrical  insulation  properties.  The  mechanical  properties  of 
these  materials  are  primarily  determined  by  the  properties  of  the  fab¬ 
rics.  The  thickness  is  a  very  important  indicator  of  varnished  cambric. 
It  is  also  primarily  determined  by  the  fabric  thickness. 

Electrical  insulation  fabrics  should  have  a  limited  elongation, 
particularly  along  the  diagonal.  In  conjunction  with  this,  fabrics 
which  are  to  be  varnished  are  primarily  plain  woven. 


TABLE  1 

Physicomechanical  Indicators  of  Cotton  and  Silk  Electrical  Insulation 
Fabrics 
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IfOCTH  OT  COa®P^BBBHB  Me, 
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2 

l)  Fabric  designation;  2)  type;  3)  width  (cm);  4)  weight  of  1  m  (g);  5) 
thread  count  per  10  cm;  6)  warp;  7)  weft;  8)  minimal  tensile  strength 
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of  a  50  ram  wide  strip  (kg);  9)  thickness  of  the  fabric  being  produced 
(mm);  10)  GOST  or  TU;  11}  bleached  baize;  12)  GOST;  13)  B-l  percale: 
14)  bleached  calico;  15/  unfinished  calico;  16)  finished  calico;  17) 
same  as  above;  18)  bleached  chiffon;  19)  unfinished  baize;  20)  TU;  21) 
flat -dyed  baize;  22)  VTU;  23)  El  fabric;  24)  excelsior;  25)  and;  26) 
No.  99  Florentin;  27)  OST;  28)  ET  fabric;  2Q)  capron  cloth;  30)  TU  MG; 
31)  excelsior  capron  fabric  for  electrical  insulation;  32)  TUKGSNKh, 


Unfinished  fabrics  which  are  to  be  varnished  are,  as  a  rule, 
scoured  and  finished.  In  certain  cases  unfinished,  unscoured  fabrics 
are  also  varnished.  The  physicomechanical  indicators  of  electrical 
TABLE  2 

Physicomechanical  Indicators  of  Glass  Electrical  Insu¬ 
lation  Fabrics 


CTeKaonuun 


3  ..IP.. 

To  1KB 
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aa  (jua)  ncana  (cjm)  (*) 


8CTE-40  14- 
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0.027*0 

0,0204-0 
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,005  70*2 
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Hacao  Hire* 
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jocki  mapa* 
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68*7 

100*15 
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±1240*20 


rocT,  bty 


rOCT  8481-57 


BTY  215-53 


BTY  1521-57 


110  100  BTY  1326-59 


110  100 
220  100 


BTY  MJITI 
1381—61 


♦Maximum. 

♦♦The  lubricant  content  of  SSTE-6  and  SSTE-9  mesh  is  not  high¬ 
er  than  2.6$,  of  all  other  fabrics  it  is  not  more  than  2.5^. 

I)  Glass  fabrics;  2)  fabric  thickness  (mm);  3)  fabric  width  (cm);  4) 
weight  of  1  m2  (g);  5)  thread  count  per  1  cm;  6)  minimum  tensile 
strength  of  a  25  mm  wide  strip;  7)  GOST,  VTU;  8)  warp;  9)  weft;  10)  E; 

II)  and;  12)  GOST:  13)  same  as  above;  14)  ESTB;  15)  VTU;  16)  SSE;  17) 
SSTE;  18)  ASTI  (b)-STA;  19)  VTU  MLP;  20)  ASTT  (b)-S2. 


insulation  fabrics  are  given  in  Tables  1  (page  1284)  and  2  (page 
1285) . 

References:  Spravochnik  po  elektrotekhnicheskim  materialam  [Hand¬ 
book  of  Electrical  Engineering  Materials),  Vol.  1,  Part  1,  Moscow-Len- 
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Ingrad,  1958;  Ukazatel'  gosudarstvennykh  standartov  [Index  of  State 
Standards],  Moscow,  1964. 


Manu¬ 

script 

Page 

No. 

1284 

1284 

1284 

1284 

1284 

1284 

1285 
1285 


[Transliterated  Symbols] 


r0CT  »  GOST  =  Gosudarstvennyy  obshechesoyuznyy  standart  = 

*=  All-Union  State  Standard 

BTY  =  VTU  *  Obshchesoyuznyye  tekhnichesklye  uslovlya  =  All- 
Union  Technical  Specifications 

OCT  =  OST  =  Obshchesoyuznyy  standart  =  All-Union  Standard 

TyMrCHX  *  TUMGSNKh  «=  Tekhnichesklye  uslovlya  Moskovskogo  go- 

rodskogo  Sovnarkhoza  *=  Technical  Speci¬ 
fications  of  the  Moscow  Municipal  Sov- 
narkhoz 

3H  «s  El  »=  elektroizolyatsionnaya  =  electrical  insulation 

3T  =  ET  =  elektrotekhnicheskaya  =  electrical  engineering 

3  ■  E  =  elektrlcheskaya  =  electrical 

BTy  MJin  =  Vsesoyuznyye  tekhnichesklye  uloviya  Mlnisterstva 

lekgoy  promyshlennosti  =  All-Union  Technical  Sped 
fications  of  the  Ministry  of  Light  Industry 
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ELECT RICALLY-CONDUCTIVE  RUBBER  -  rubber  used  principally  in  elec¬ 
tronics,  for  manufacturing  shielded  mine  cables,  high-voltage  excava¬ 
tor  and  other  cables  carrying  voltages  of  6  kv  or  more,  long-distance 
cables,  etc.  Electrically  conductive  rubbers  are  produced  from  natural, 
butadienenitrile,  and  polychloroprene  gums;  those  based  on  butadieneni- 
trile  gum  containing  no  less  than  26$  acrylic  nitrile  have  the  high¬ 
est  electrical  conductivity.  Rubbers  are  made  conductive  by  adding  the 
requisite  quantity  of  carbon  black  (principally  acetylene  carbon  black) 
and  graphite.  The  ratio  of  carbon  black  to  graphite  depends  on  the  type 
of  gum  used.  The  gum  content  of  electrically  conductive  rubbers  var¬ 
ies  from  30  to  35$.  The  character  and  quantity  of  the  filler  has  a 
large  influence  on  the  conductivity  of  a  rubber;  addition  of  substan¬ 
ces  with  polar  groups  makes  it  possible  to  obtain  a  rubber  with  high 
conductivity.  In  mine  cables  for  blasting  and  drilling  equipment  elec- 
trically-conductive  rubber  is  used  as  shielding  for  transmitting  cur¬ 
rent  pulses  to  special  shut-off  devices.  Such  rubber  shielding  is  loca¬ 
ted  in  such  fashion  that  a  current  pulse  passes  through  it  and  cuts 
the  cable  off  from  the  line  before  a  short  circuit  develops  in  the 
basic  conductors,  which  carry  voltages  of  127-660  v.  The  deep  resist¬ 
ance  of  electrically-conductive  rubbers  for  mine  cables  should  not 

p 

exceed  1*10  ohm*cm.  In  high-voltage  cables  screens  of  electrically 
conductive  rubber  serve  to  reduce  the  electric-field  nonuniformity 
caused  by  the  multiconductor  core,  to  reduce  the  maximum  voltage  gra¬ 
dient,  and  to  shut  the  air  layers  between  the  core  and  the  insulation, 

in  order  to  prevent  ionization  of  the  air.  The  deep  resistance  of  such 
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rubbers  for  high-voltage  cables  should  not  exceed  1*10  ohm* cm.  In 
long-distance  cables  screens  of  electrically-conductive  rubber  reduce 
the  influence  of  external  electrical  interference  on  the  functioning 
of  the  cable,  and,  in  combination  with  other  elements,  make  it  possible 
to  obtain  the  requisite  kilometrlc  attenuation.  In  this  case  the  con¬ 
ductivity  of  the  rubber  is  evaluated  from  its  skin  resistance,  which 

2  3 

should  be  between  1*10  and  1.5*10  ohm.  Electrically-conductive  rub¬ 
bers  are  also  used  for  certain  radio  components,  dry  batteries,  etc. 

P.M.  Glupshkin 
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ELECTRIC  CAST  STEEL  -  Is  a  nonalloyed  special  steel  used  in  the 
cast  parts  of  electric  engines  which  must  have  a  high  magnetic  permea¬ 
bility  and  a  low  watt  loss.  The  chemical  composition  of  electric  cast 
steel  is  quoted  in  Table  1. 

The  typical  mechanical  properties  of  electric  cast  steel  are  quo¬ 
ted  in  Table  2. 

According  to  the  technical  conditions  AMTU  432-58,  the  tensile 
strength  of  10L  steel  after  tempering  at  900-930°  must  not  be  less  than 

p 

25  kg/mm  ,  and  the  relative  elongation  not  less  than  15#-  The  mechani¬ 
cal  properties  of  the  castings  are  tested  on  specimens  cut  out  from 
separately  casted  blansk,  thermally  treated  together  with  the  castings. 
Pig.  1  shows  the  effect  of  the  carbon  content  on  the  mechanical  proper¬ 
ties  of  electric  cast  steel. 


TABLE  1 

Chemical  Composition  of  Electric  Cast  Steel 


C  Tajik 
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0.0*  0,0*3  0,15  0.30  0.30 

1)  Steel;  2)  technical  specifications;  3)  percentage  of  elements;  4) 
not  more  than;  5)  10L;  6)  AMTU. 


TABLE  2 

Mechanical  Properties  of  Electric  Cast  Steel 
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1)  Steel;  2)  heat  treatment;  3)  kg/mm  ;  4)  kgm/cm  ;  5)  10L;  6)  temper¬ 
ed  at. 
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Pig.  1.  Effect  of  the  carbon  content  on  the  mechanical  properties  of 
electric  cast  steel.  1)  kg/mm2;  2)  percentage  of  carbon. 


Pig.  2.  Magnetic  properties  of  cast  and  forged  10L  steel:  1)  Forged 
piece  of  the  pole  of  a  large  electric  engine;  2)  cast  frame  of  an  elec 
trie  engine;  3)  steel  with  0.2#  C.  A)  A;  B)  B;  C)  C;  D)  gauss;  E) 
scale;  F)  oersted. 


Fig.  3*  Magnetization  curve  of  steel  castings  (steel  with  0.12#  C;  0.2# 
Si,  and  0.4#  Mn).  1)  gauss;  2)  coercive  force. 

O  £ 

The  physical  properties  are:  y  =  7-85  g^cnr;  a  =  10.6*10*  (20- 

100*);  13-6.10*6  (20-400*);  14.5-10*6  (20-600*);  15.0*10'6  (""-700*) 
l/*C;  X  «  0.185  (100*);  0.10  (500*)  cal/cm*sec**C;  p  *  11  (2L  ) 
ohm* mm  /m;  B  »  14,500  gauss  at  25  ampere  turns,  and  17,000  gauss  at 
100  ampere  turns.  The  magnetic  properties  are  measured  by  the  ballistic 
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method  on  a  ring-shaped  specimen  cut  out  from  the  middle  part  of  a  cy¬ 
lindrical  casting  (the  outer  and  inner  diameter  of  the  ring  correspond 
to  the  dimensions  of  the  finished  part,  and  the  height  is  10  mm).  The 
magnetic  properties  of  the  cast  and  forged  10L  steel  is  a  tempered 
state  are  shown  in  Figs.  2  and  3.  The  founding  of  electric  cast  steel 
is,  as  a  rule,  carried  out  in  high-frequency  furnaces.  The  casting  is 
carried  out  into  ceramic  sand  molds  and  into  dispensable  patterns.  The 
pouring  in  is  carried  out  at  high  temperatures  and  with  enlarged  cast¬ 
ing  conduits  due  to  the  insufficient  flowability.  An  additional  deoxi¬ 
dation  of  the  metal  is  achieved  by  aluminum.  The  free  casting  shrink¬ 
age  is  2. 0-2. 2$.  The  steel  is  excellently  weldable.  The  welding  up  of 
casting  defects  is  carried  out  by  arc  welding. 

The  steel  is  used  for  the  following:  electric  eninge  bodies, 
frames,  plates,  flanges,  boxes  for  electric  devices  and  apparatuses, 
various  low-loaded  parts  which  must  have  a  high  plasticity,  and  parts 
which  must  be  cemented. 

References:  Zaymovskiy,  A.S.  and  Chudnovskaya,  L.A.,  Kagnitnyye 
materialy  [Magnetic  Materials],  f 3rd  Edition],  Moscow -Leningrad,  1957 
(Metally  i  splavy  v  elektrotekhnike  [Metals  and  Alloys  in  Electric  En¬ 
gineering],  Vol.  1;  Akimov,  G.V.  and  Akimova,  K.I. ,  Yedlnaya  spetslfi- 
katsiya  metalllcheskikh  materialov  mashinostroyeniya  Soyuza  SSR  [Uni¬ 
tary  Specification  of  Metal  Materials  for  the  Machine  Building  in  USSR], 
parts  1-2,  Moscow-Leningrad,  19^5;  Steel  Casting  Handbook,  1950,  Cleve¬ 
land,  1950. 

N.M.  Tuchkevich 
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ELECTRIC  INSULATING  ENAMELS  —  are  colored  suspensions  of  pigments 
and  fillers  In  a  binder,  and  are  used  in  the  application  of  electric  in 
sulating  coatings  on  various  joints  and  parts  of  electric  machines,  ap¬ 
paratuses,  radioelec tronic  devices,  and  other  electrical  and  radio  en¬ 
gineering  equipment.  They  serve  to  protect  the  insulation  against  the 
effects  of  moisture,  dust,  lubricants,  and,  in  a  number  of  cases,  of 
solvents  and  chemical  reagents. 

Varnishes  based  on  various  synthetic  resins  are  used  as  a  binder 
(the  film-forming  agent)  for  the  following  electric  insulating  enamels: 
nitroglyphthal,  glyphthal  resins,  modified  by  oil,  melamlnoalkyd,  epoxy 
organosilicon  and  other  resins.  Titanium  dioxide,  lithopone,  chromium 
oxide,  azure  pigment,  phthalocyanlne  pigment,  etc.,  are  used  as  pig¬ 
ments. 

The  chemical  nature  of  the  film-forming  agent  determines  the  class 
of  heat-proof ness  (the  working  temperature)  of  the  electric  insulating 
enamels.  According  to  the  type  of  drying,  hot  and  cold  drying  electric 
insulating  enamels  are  distinguished.  The  field  of  application  of  the 
electric  insulating  enamels  depends  on  the  electrical  and  mechanical 
properties  of  the  obtained  coatings,  the  class  of  heatproofness  of  the 
electric  insulating  enamel,  and  the  permissible  drying  temperature  (see 
the  Table). 

The  coatings  of  cold  drying  electric  insulating  enamels  possess 
lower  electrical  and  mechanical  characteristics  and  a  lower  moisture- 
proofness  than  those  of  hot-drying  electric  insulating  enamels.  The 
cold  drying  electric  Insulating  enamels  therefore  are  used  mainly  for 
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repair  or  in  such  cases  when  the  drying  of  the  parts  at  high  tempera¬ 
ture  cannot  be  carried  out. 


Characteristics  and  Main  Fields  of  Application  of 
Electric  Insulating  Enamels 
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1)  Type  of  the  enamel;  2)  grade;  3)  color;  *0  working  temperature;  5) 
drying  temperature;  6)  field  of  application;  T)  nitroglyphthal ;  8) 
reddish-brown;  9)  coating  of  parts  of  electric  machines  and  apparatus¬ 
es  when  drying  in  air  and  oil-resistant  coating  are  demanded;  10) 
glyphthal,  modified  by  oil;  11)  GF-92GS;  12)  gray;  13)  coating  of  wind¬ 
ings  and  parts  of  electric  machines  and  apparatuses;  1*0  GF-92KhS;  16) 
red;  17)  coating  of  stationary  windings  and  parts  of  electric  machines 
and  apparatuses;  l8)  EKR-. . ;  19)  orange;  20)  yellow;  21)  green;  22) 
azure;  23)  blue;  2*0  dark-blue;  25)  coating  and  marking  of  ceramic  ca- 
cacitors;  26)  coating  of  constant  metallized  resistors  and  coloring  of 
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selenium  rectifiers;  27)  melamide-alkyd;  28)  U-416;  29)  coating  of 
transformer  windings  and  coloring  of  transformer  tanks;  30)  alkyd-or- 
ganosilicon;  31)  TK-3;  32)  coating  of  small-size  resistors;  33)  epoxy; 
3^)  EP-. . ;  35)  coating  of  windings  and  parts  of  electric  machines,  of 
radio  engineering  and  constant  metallized  resistors;  36)  organosilicon; 
37)  PKE-. . ;  38)  pink;  39)  coating  of  windings  and  parts  of  electric 
machines  and  apparatuses,  and  of  radio  engineering  pieces;  40)  K0-911; 
4l)  coating  of  windings  and  parts  of  electric  machines  and  apparatuses 
when  drying  in  air  i3  demanded;  finishing  and  repair  of  electric  ma¬ 
chines. 

The  electric  characteristics  of  the  films  on  electric  insulating 
enamels  are  lower  than  those  of  the  corresponding  but  not-pigmented 
varnish  films  (of  the  film-forming  agents).  The  purity  and  the  degree 
of  dispersion  of  the  pigments  and  fillers  effect  strongly  the  values  of 
the  electric  characteristics.  The  electric  strength  Epr  of  hot-drying 
electric  insulating  enamel  is  50-80  kv/mm,  it  drops  by  1.2-1. 8  times 
at  working  temperature,  and  by  1. 5-2.0  times  after  the  effect  of  a  95- 
98#  relative  humidity  for  24  hours.  The  E  of  cold-drying  electric 

»r  * 

insulating  enamels  (glyphthal  GF-92KhS,  GF-92KhK,  organosilicon  K0-911) 

drops  by  2-2.5  times  at  working  temperature;  it  drops  down  to  15-25 

kv/mm  after  being  kept  in  a  moist  medium  for  24  hours.  The  heating  of 

the  coating  during  the  working  of  the  machine  or  device  Improves  the 

following  characteristics:  they  reach  values  which  are  typical  for  hot- 

drying  electric  insulating  enamel^.  The  specific  volume  resistance  py 

14  1=. 

of  a  hot-drying  electric  Insulating  enamel  is  10  -10  ohm»cm.  The 

value  of  pv  drops  at  higher  temperatures  In  the  highest  degree  in  the 
cast  of  glyphthal  and  epoxy  electric  insulating  enamels,  and,  in  a  sig¬ 
nificantly  lower  degree,  in  organosilicon  enamels  (Fig.  1).  The  proper¬ 
ties  of  organosilicon  electric  insulating  enamels  possess  also  the 
highest  stability  during  moistening.  The  values  of  pv  are  also  poorly- 
changed  by  the  effect  of  a  moist  medium  in  the  case  of  epoxy  resins 
(Fig.  2).  The  epoxy  electric  insulating  enamels  (EP-91  and  EP-92)  and 
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the  organosilicon  enamels  (PKE-14,  PKE-19,  and  PKE-22)  form  electric 
insulating  coalings  stable  under  the  conditions  of  a  tropical  climate, 
due  to  their  resistance  to  mold.  The  angle  of  losses  (tan  6)  at  a  fre¬ 
quency  of  50  cps  is  0.01-0.02  for  organosilicon  enamels,  and  0.02-0.05 
for  epoxy  and  glyphthal  enamels. 


Fig.  1.  p  of  various  grades  of  electric  insulating  enamels  as  a  func¬ 
tion  of  the  temperature:  1)  PKE-14;  2)  PKE-19;  3)  K0-911;  4)  U-4l6;  5) 
EP-91;  6)  GF-92GS;  7)  GF-92KhS. 


Fig.  2.  p  of  various  grades  of  electric  insulating  enamels  as  a  func¬ 
tion  of  the  action  time  of  a  medium  with  95  ±  2#  relative  moisture. 

1)  PKE-14;  2)  PKE-.19;  3)  K0-911;  4)  EP-91;  5)  GF-92GS ;  6)  GF-92KhS. 

A)  Days. 

The  epoxy  electric  insulating  enamels  possess  the  highest  mechan¬ 
ical  properties.  The  hardness  of  the  film  measured  by  the  pendulum  de¬ 
vice  is  O.8-O.95  for  epoxy  enamels;  0.5-0. 8  for  hot-drying  glyphthal 
enamels  (GF-92GS,  EKR,  No.  52);  0.4-0. 7  for  me 1 amine -a Iky d  enamels 
(U-4l6);  0.7-0. 8  for  organosilicon  enameis  (PKE-19,  PICE-20)  and  0.5- 
0.6  for  PKE-14.  The  film  hardness  drops  at  increased  (working)  tempera¬ 
tures  by  1. 5-2.0  times  for  organosilicon  enamels,  and  to  a  lower  degree 
for  the  other  enamels.  The  film  of  cold-drying  electric  insulating  en¬ 
amels  has  a  lower  strength,  equal  to  0.15-0-25;  the  strength  increases 
after  heating  and  reaches  that  cf  hot-drying  electric  Insulating  enam- 
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els.  The  epoxy  and  glyphthal  electric  Insulating  enamels  have  a  higher 
adhesion  than  the  other  enamels.  The  organosilicon  electric  insulating 
enamels  possess  a  lower  adhesion  to  metals  as  well  as  to  many  elec¬ 
tric  insulating  materials.  Electric  insulating  enamels  resist  mineral 
oils  and  lubricants.  The  nitroglyphthal  enamel  No.  1201  and  the  mela- 
mide-alky  enamel  U-4l6  have  the  highest  oil-proof ness.  These  enamels 
are  also  resistant  to  gasoline.  The  oil-proofness  and  especially  the 
gasoline-resistance  of  organosilicon  electric  insulating  enamels  are 
lower  than  t!  it  of  other  electric  insulating  enamels. 

Electric  insulating  enamels  are  applied  on  joints  and  parts  of 
electric  machines  and  apparatuses  which  have  been  previously  impregna¬ 
ted  by  electric  insulating  varnishes,  or  are  applied  immediately  on  the 
parts  to  be  insulated,  in  mos4  cases  without  a  previous  priming  of  the 
surface.  The  application  is  carried  out  by  dipping,  brushing  or  by 
paint-spraying.  The  latter  method  gives  an  uniform  coating  without 
dripping  and  is,  therefore,  the  most  widespread  one.  In  order  to  ob¬ 
tain  a  high-quality  coating,  the  electric  insulating  enamels  are  laid 
on  In  several  thin  layers;  the  total  thickness  of  the  coatings  must  not 
surpass  50-70  microns.  The  quality  of  the  coating  is  affected  essential¬ 
ly  by  the  drying  conditions.  An  intensified  drying  within  the  limits 
permissible  for  the  given  type  of  the  electric  Insulating  enamel,  pro¬ 
moter  an  increase  of  the  electrical  and  mechanical  characteristics  of 
the  coatings. 

References:  Spravochnlk  po  elektrotekhnicheskim  materialam  [Hand¬ 
book  on  Electric  Engineering  Materials],  Vol.  1,  Part  1,  Moscow-Lenin- 
grad,  1958;  Fromberg,  M.E. ,  Teplostoykiye  elektroizolyatsionnyye  pok- 
rytiya  [Neatproof  Electric  Insulating  Coatings],  Moscow-Leningrad, 

1959  (Trudy  VEI  (Transactions  of  the  All-Union  Electrotechnical  Insti¬ 
tute],  No.  65);  Lyubimov,  B.V. ,  Spetsial' nyye  lakokrasochnyye  pokryti- 
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ya  v  mashinostroyenii  [Special  Paint-and-Vamisn  Coatings  in  Machine 
Building] ,  Moscow-Lenlngrad,  1959> 

M. B.  Fromberg 
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np  =  pr  =  prochnost’  =  strength 
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ELECTRIC  INSULATING  FID4  MATERIALS  -  are  thin  and  flexible  mater¬ 
ials  delivered  usually  in  rolls,  and  manufactured  from  high-polymer 
compounds  (cellulose  esters  or  synthetic  resins).  The  electric  insula¬ 
ting  film  materials  possess  a  high  electric  strength  at  a  small  thick- 
fiessj  this  fact  allows  the  engineering  characteristics  of  electric 
equipment  to  be  improved  reducing,  at  the  same  time,  the  total  thick¬ 
ness  of  the  insulation. 

The  following  films  are  widely  used  in  electric-insulation  engin¬ 
eering. 

Triacetate  films,  possess  high  electric  insulating  properties, 
good  moisture-proofness,  sufficient  tensile  strength,  but  also  a  low 
rupture  strength  and  a  small  breaking  elongation.  With  regard  to  the 
heat-proofness,  they  belong  to  class  A  (105°).  Weakly  plasticized  tri¬ 
acetate  films  with  a  thickness  of  0.0?  and  0.04  mm  are  manufactured. 
They  are  used  mainly  in  slot  Insulation  of  electric  engines  with  a  ran 
dom  film-board  winding.  A  plasticized  film  with  a  thickness  of  0.025 
mm  is  also  obtainable;  it  is  used  for  the  insulation  of  wirings  and  of 
windings  with  a  rectangular  cross  section  in  the  colls  of  asynchronous 
electric  engines  with  a  power  higher  than  100  kw. 

Acetobutyrate  films  possess  properties  similar  to  those  of  triace 
tate  films;  but  they  possess  a  somewhat  higher  elasticity  and  a  some¬ 
what  lower  electric  strength  and  heat-proofness;  they  are  used  gener¬ 
ally  for  the  same  purposes. 

Polyethylene-terephthalate  films ,  are  known  as  Lavsan  (in  USSR), 
Mellnex  (Great-Britain),  Mylar  (U.S.),  and  Hostaphan  (GFR);  they  are 
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of  great  promise  to  electrical  machine  building  due  mainly  to  their 
high  mechanical  strength  Including  the  tear  resistance.  With  regard  to 
the  heat-proofness ,  they  belong  to  class  E  (120°);  possessing  high 
electric  Insulating  properties,  good  moisture-proofness,  high  resist¬ 
ance  to  chemicals  and  solvents,  they  are  used  in  the  slot  and  inter¬ 
phase  insulation  of  cables,  transformers,  tapping  and  winding  wirings, 
for  the  bandage  of  various  coils,  as  an  Insulation  in  capacitor  build¬ 
ing  (also  in  a  metallized  form),  in  the  preparation  of  magnetic  tapes 
(for  sound  recording),  and  of  high-strength  adhesive  tapes;  they  re¬ 
sist  freons  and  petroleum  oils  and  are  used  in  the  built-in  electric 
motors  of  refrigerators;  due  to  the  high  tensile  and  tear  strengths, 
they  are  used  in  the  insulation  of  high-speed  cables  and  wirings;  com¬ 
bined  with  paper,  electric  cardboard,  and  glass  fabric  (in  the  insula¬ 
tion  of  nautical  engines)  and  other  underlayers,  they  are  used  for  slot 
insulation.  In  the  USSR,  they  are  obtainable  with  a  thickness  of  0.004- 
0.02  mm,  mainly  for  capacitor  building.  The  Mylar  in  the  US  is  manufac¬ 
tured  with  a  thickness  of  0.006  0.02  mm. 

Polycarbonate  films  possess  good  mechanical  properties  including 
tear  resistance  in  transversal  direction,  and  high  electric  insulating 
properties;  with  regard  to  the  heatproofness,  they  belong  to  class  B 
(130°);  they  are  manufactured  in  a  nonorlented  and  in  a  longitudinally 
oriented  form  with  a  thickness  of  0.02-0.2  mm;  the  thickness  may  be 
reduced  to  0.1  mm  by  drawing;  they  resist  aliphatic  hydrocarbons,  alco¬ 
hols,  petroleum  and  vegetable  oils;  they  swell  strongly  or  dissolve 
totally  In  most  of  the  solvents.  The  main  fields  of  application  are  as 
follows:  capacitor  building,  insulation  of  conductors,  slot  insulation 
of  electric  machines;  gaskets  in  machine  coils,  transformer  windings, 
etc. 

Polyethylene  films  are  used  in  the  body  and  interphase  insulation 
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of  capacitor  coils,  dry  transformers,  and  also  for  the  repair  of  wind¬ 
ings;  they  provide  a  high  electric  strength  for  the  winding  insulation 
without  application  of  varnish  impregnation,  a  reliable  protection 
against  dust  and  moisture,  and  a  good  resistance  to  overloads. 

Polyamide  films  possess  a  higher  mechanical  strength,  but  poorer 
electric  insulating  properties  than  all  other  electric  insulating  film 
materials.  These  properties  become  rapidly  reduced  by  higher  tempera¬ 
tures  and  by  moistening.  Polyamide  films  are  used  to  a  lesser  degree  in 
electric  insulating  engineering,  mainly  in  the  insulation  of  the  slots 
of  asynchronous  motors  and  in  fastening  the  outlet  of  the  slot. 

Polystyrene  films  possess  high  electric  insulating  properties  es¬ 
pecially  in  the  high-frequency  range;  the  working  temperature  does  not 
exceed  70°;  the  main  usage  is  in  capacitor  building  and  in  the  manufac¬ 
ture  of  high-frequency  cables  (including  television  cables). 

Ftoroplast  films  possess  a  high  heat-proofness,  frost-proofness, 
and  an  extremely  high  proofness  to  moisture  and  chemicals.  Polytetra- 
fluoroethylene  films,  manufactured  in  the  USSR  as  Ftoroplast-4  (termed 
Teflon  and  Fluone  abroad)  are  widespreadly  used.  Ftoroplast-4  films  are 
manufactured  in  a  nonoriented  form  and  also  with  a  various  degree  of 
orientation.  The  oriented  film  has  a  higher  mechanical  strength  in  the 
direction  of  orientation,  and  also  a  strongly  increased  electric 
strength.  The  oriented  film  is  used  in  the  insulation  of  cables  and 
capacitor  windings;  the  film  shrinks  after  heating,  and  the  cover  be¬ 
comes  tightened  in  this  way.  Nonoriented  film  must  be  used  for  slot 
insulation.  The  films  are  obtainable  with  a  thickness  of  0.01-0.2  mm; 
the  working  temperature  reaches  up  to  250°.  Cold  flow,  a  rapid  drop  of 
the  electric  strength  under  a  prolonged  action  of  voltage,  and  the  nec¬ 
essity  of  a  special  treatment  for  bonding,  are  the  disadvantages  of  the 
polytetraf luoroethylene  films. 
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Films  of  Ftoroplast-3  (Kel-F,  Fluorothene,  Hosteflon)  are  similar 
to  the  Ftoroplast-4  films  with  regard  to  the  resistance  to  moisture  and 
chemicals,  but  they  show  higher  dielectric  losses  and  they  have  a  con¬ 
siderably  lower  heat-proofness  (class  B).  These  films  are  developed 
from  a  copolymer  of  tetrafluoroethylene  with  hexafluoropropylene;  they 
are  obtained  with  a  thickness  of  0.013  mm  and  more,  and  are  destined 
for  working  at  temperatures  up  to  200-250°;  they  differ  from  the  poly- 
tetrafluoroethylene  films  by  the  absence  of  pores  and  by  the  possibil¬ 
ity  to  be  bonded  by  the  usual  adhesives.  A  film  resistant  to  atmospher¬ 
ical  effects  and  chemicals  is  also  developed  from  polyvinyl  fluoride. 

Physicomechanical  and  Electric  Characteristics  of 
Electric  Insulating  Films  (with  a  thickness  of 
0.02-0.07  mm) 
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0,0095 
2.2-2, 3 

0,0004 
2, 5-3,0 

0.0004 
1. 8-2.1 

♦Depending  on  the  orientation  of  the  film. 


1)  Properties;  2)  films;  3)  acetobutyrate;  4)  triacetate;  5)  polyethy- 
leneterephthalate ;  6)  polycarbonate;  7)  polyethylene;  8)  polystyrene; 
9)  poly  tetrafluoroethylene;  10)  density  (g/cm-3);  11)  temporal  tensile 
strength  (kg/cm*);  12)  breaking  elongation  (£);  13)  electric  strength 
(kv/mm);  14)  specific  resistivity  (ohm»cm);  15)  tan  6  at  50  cps;  lb) 
dielectric  constant. 


The  common  disadvantage  to  all  film  materials  described  above 
is  the  low  corona-proofnoss  which  limits  their  use  to  high-voltage  en¬ 
gineering. 

The  main  characteristics  for  the  judgment  of  the  quality  of  elec¬ 
tric  insulating  film  materials  are  as  follows:  the  shrinkage  at  higher 
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temperatures,  the  weight  loss  after  heating,  the  hygroscopic ity,  the 
permeability  of  water  vapor,  the  tensile  and  tear  strengths  in  the  ini¬ 
tial  state  and  after  heating  for  a  certain  time  (usually  to  a  tempera¬ 
ture  by  20°  higher  than  that  of  the  heat-proofness  class),  the  break¬ 
ing  of  elongation,  and  the  number  of  double  bendings  under  the  same 
conditions,  the  electric  strength,  the  specific  volume  resistance,  the 
dielectric  losses,  the  dielectric  constant  in  Initial  state,  at  higher 
temperatures  (usually  at  the  temperature  of  the  heat -proof ness  class), 
and  after  moistening. 

A  number  of  characteristics  of  electric  insulation  film  materials 
is  quoted  in  the  Table. 

References :  Podgorodetskiy,  Ye.K. ,  Tekhnologiya  proizvodstva 
plenok  lz  vysokomelukulyarnykh  soyedineniy  [Technology  of  the  Manufac¬ 
ture  of  Films  from  High-Molecular  Compounds],  Moscow,  1953;  Privezen- 
tsev,  V.A. ,  Elektrolzolyatsionnyye  plenki  [Electric  Insulation  Films], 
in  the  book:  Spravochnik  po  electrotekhnicheskim  materialam  [Handbook 
on  Electric  Engineering  Materials],  Vol.  1,  Part  1,  Moscow-Leningrad, 
1959,  pages  298-309>  Shishkin,  S.V. ,  Primeneniye  plenochnykh  materlal- 
ov  v  electrotekhnicheskoy  promyshlennosti  [Use  of  Film  Materials  in 
Electric  Engineering  IndustryJ,  in  the  collection:  Novyye  elektrolzolya- 
tslonnyye  materialy  [New  Electric  Insulating  Materials],  No.  1,  Mos¬ 
cow,  1958»  pages  62-73* 

S.V.  Shishkin 
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ELECTRIC  INSULATING  MICA  MATERIALS  -  are  materials  containing  mica 
or  its  compositions  with  resins,  fibrous  materials,  glass,  etc.  Mica  of 
the  Muscovite  and  Phlogoplte  type  is  used  in  electric-insulating  engin¬ 
eering.  Depending  on  its  purpose,  mica  is  divided  into  flake  mica  (for 
the  production  of  micanites),  capacitor  mica  (for  parts  of  electron 
tubes,  cut  and  stamped  objects,  washers,  discs,  gaskets,  etc.),  and 
ground  mica  (used  as  a  filler  in  plastics  and  rubbers).  Flake  mica 
(GOST  3028-57)  is  thin  lamellae  with  an  arbitcontour.  The  flake  mica  is 
subdivided  into  9  groups  according  to  the  size,  and  into  3  grades  ac¬ 
cording  to  the  quality  of  the  surface,  the  quantity  of  mineral  inclu¬ 
sions,  and  the  content  of  impurities.  Capacitor  mica  is  used  as  a  gen¬ 
eral  dielectric  and  as  a  protection  for  membranes;  it  is  manufactured 
in  the  form  of  cut  or  stamped  plates  with  a  rectangular  shape,  a  fixed 
dimension,  and  is  subdivided  into  5  grades  according  to  the  thickness: 
standard  mica  (SO),  filter  mica  (SF),  low-frequency  mica  (SHCh),  high- 
frequency  mica  (SVCh),  and  protective  mica  (SZ,  muscovite  and  hard 
phlogoplte  grades).  Mica  parts  are  used  in  electron  tubes  for  the  insu¬ 
lation  and  the  fastening  of  internal  equipment;  they  are  made  up  only 
of  muscovite  due  to  its  high  elasticity,  mechanical  strength  and  be¬ 
cause  moisture  and  gases  may  be  easily  removed  from  it.  Muscovite  is 
also  used  as  a  gasket  in  guillotine-shaped  colls,  as  mica  membranes  for 
transformers  and  brush  holders.  Moreover,  artificial  mica  is  used  which 
is  prepared  by  crystal  growing  in  a  molten  charge.  Mica  products,  com¬ 
positions  of  flake  mica  with  organic  resins  and  varnishes,  and  also 
with  paper  or  fabric  Interlayers  are  widely  used  in  electric-insulating 
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engineering.  Such  materials  provide  an  insulation  of  electrical  ma¬ 
chines  and  devices  of  the  A  and  B  classes  up  to  a  maximum  temperature 
or  1300.  Insulating  materials  composed  of  mica  and  glass  fabric,  glass- 
ply,  glass  net,  alkaliless  glass,  polyorganosiloxane  resins  and  varn¬ 
ishes  are  used  in  the  insulation  of  electric  machines  of  the  classes 
F  and  H  at  working  temperatures  of  155®  and  l80*. 

Electric-insulating  mica  materials.  Commutator  mlcanlte  (grades 
KF  and  KF-1,  GOST  2196-60)  -  is  a  pressed  material,  assorted  according 
to  the  thickness,  composed  of  lamellar  phlogopite  and  bonded  by  shel¬ 
lac  or  glyphthal  resin.  It  is  used  as  an  interlamellar  insujatlon  in 
commutators  of  electrical  d-c  machines.  The  binding  content  is  4#;  the 
mean  electric  strength  is  not  less  than  18  kv/mm.  Heat-resistant  commu¬ 
tator  mlcanlte  is  prepared  from  phlogopite  bonded  by  dlammonlum  phos¬ 
phate  as  a  binder.  Packing  mlcanlte  of  various  grades  (GOST  6121-60) 

Is  a  hard  pressed  sheet  material  composed  of  lamellar  muscovite  or 
phlogopite  or  of  their  mixture,  and  bonded  by  shellac,  glyphthal  or 
other  resins  or  varnishes.  It  is  used  for  electric  insulating  washers, 
gaskets,  and  other  plane  parts  in  the  building  of  electric  machines  and 
devices.  The  binder  content  Is  5-25#;  the  mean  electric  strength  Is  not 
less  than  20  kv/mm;  the  specific  volume  resistance  is  not  less  than 
lO1^  ohm»cm.  Heat-res is tant  packing  mlcanlte  is  obtained  by  bonding 
lamellar  phlogopite  by  a  polyorganosiloxane  compound  and  following 
pressure  under  heating.  It  Is  used  electrical  machines  and  apparatuses 
which  must  be  heat-resistant.  Pressed  molding  mlcanlte  of  various 
grades  (GOST  6122-60)  is  a  sheet  material  obtained  by  the  bonding  of 
muscovite  or  phlogopite  by  a  binding  compound  and  following  pressure 
under  heat.  Due  to  the  nature  of  the  binder  (glyphthal  resins  or  var¬ 
nishes,  shellac),  complexly  fashioned  objects  which  maintain  the  given 
shape  after  cooling  may  be  formed  by  heating  and  pressing.  It  is  used 
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for  the  manufacture  of  commutator  cones,  flanges,  frames,  cases  of  tur¬ 
bogenerator  rotors,  pipes,  cylinders,  and  other  objects  of  this  type. 
The  binding  content  is  8-14#  and  14-20#;  the  mean  electric  strength  is 
not  less  than  27-33  kv/mm;  the  specific  volume  resistance  is  lO1^ 
ohm*cm.  The  heat-resistant  modification  of  pressed  molding  micanlte  is 
obtained  by  bonding  lamellar  phlogopite  or  muscovite  by  polyorganosil- 
oxane  varnish  K-40.  Flexblle  micanlte  of  various  grades  (GOST  6120-61) 
is  a  sheet  material  prepared  from  muscovite  or  phlogopite  bonded  by  a 
binding  material  (oil-glyphthal  or  oil-bitumen  varnishes),  without 
papers  or  with  a  thin  paper  which  covers  both  sides  of  the  mica.  It  is 
used  as  a  packing  for  the  insulation  of  slots >  coils,  etc.  The  binding 
content  is  10-25#;  the  mean  electric  strength  is  15-25  kv/mm;  the  spe¬ 
cific  volume  resistance  is  lO1^  ohm»cm.  Specific  flexible  micanlte 
(GOST  8727-58)  is  a  sheet  material  containing  phlogopite  bonded  by  EF- 
5  polyorganosiloxane  varnish  or  by  1159  oil-glyphthal  varnish  and 
glued  around  it  by  alkaliless  glass  fabric  or  glass  gauze.  It  is  used 
for  heat-resistant  electric  machines  and  aoparatuses.  Mica-foil  of  var¬ 
ious  grades  (GOST  3666-37)  is  a  material  manufacture  in  rolls  or  sheets 
containing  one  or  sheets,  containing  one  or  more  layers  of  lamellar 
mica  bended  by  an  adhesive,  and  covered  with  paper  on  one  side.  Tne  ma¬ 
terial  becomes  soft  when  heated  and  may  be  formed  to  objects,  maintain¬ 
ing  the  shape  after  cooling.  It  is  used  to  manufacture  insulation  parts 
(pipes,  cylinders,  sleeves,  etc.)  and  also  to  insulate  current-carrying 
parts  of  electrical  machines.  The  binding  content  is  12-37#;  the  mean 
electric  strength  is  13-16  kv/mm.  Heat-rerlstar.t  glass  mica-fell  is  cem 
posed  of  one  or  mere  layers  cf  lamellar  mica  (muscovite  cr  phlogopite! 
bonded  bv  polyorganosiloxane  varnish  and  glass  fabric  which  cover  one 
side  of  the  mica.  Mica-tape  (GOST  4268-48)  is  a  material  composed  cf 
lamellar  muscovite  or  phlogopite  bended  by  varnish,  and  paper  which 
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covers  both  sides  of  the  mica;  it  possesses  a  high  flexibility  in  a 
cold  state  and,  in  a  wet  state,  a  considerable  tensile  strength  in  the 
longitudinal  direction.  It  is  used  as  an  insulating  material  for  colls 
and  frames  of  electric  machines.  The  binding  content  is  15-30$#  the 
mean  electric  strength  not  less  than  14-20  kv/mm;  the  tensile  strength 
not  less  than  1. 8-3.0  kg/mm  .  Mica-silk  (grades  LChMShB,  LChFChB, 

LGMShB,  and  LSFChB)  is  thin  material  flexible  in  cold  state,  composed 
of  one  layer  of  lamellar  muscovite  or  phlogopite  bonded  on  the  one 
side  with  silk,  on  the  other  with  paper  by  means  of  oil-bitumen  or  oil- 
glypthal  varnish.  It  is  used  to  insulate  windings  and  other  parts  of 
electric  machines.  The  binder  content  is  20-32$;  the  mean  electric 
strength  is  12-13  kv/mm.  Mica- linen  is  a  material  flexible  a  in  cold 
state,  containing  one  or  more  muscovite  or  phlogopite  layers  bonded  on 
the  one  or  on  both  sides  by  an  adhesive  with  a  corresponding  underlayer. 
Heat-resistant  glass  mica-tape  is  composed  cf  one  phlogopite  layer 
leaded  by  polyorganosiloxane  varnish  EF-5  with  glass  fabric  on  the  one 
side  or  on  both  sides.  Glass-ply  mica-tape  is  composed  of  one  layer  of 
lamellar  phlogopite  bonded  by  means  of  polyorganosiloxane  varnish  with 
glass  fabric  on  the  one  side  and  with  glass-ply  on  the  other  side. 

Electric  insulating  mlealte  materials  are  obtained  of  muscovite 
tailings  heated  to  about  3CC#  and  losing  by  this  way  32$  of  the  crys¬ 
tal  water.  Further,  the  mica  is  quickly  immersed  into  a  soda  solution. 
Tie  mica  crystals  become  loosened  and  delaminated;  this  process  is  In¬ 
tensified  by  treatment  with  sulfuric  or  hydrochloric  acid.  A  pulp  re¬ 
sults  which  Is  formed  or.  paper-making  machines  to  mica-paper  with  or 
without  a  small  (1-3$)  content  cf  latex  or  epoxy  resin  as  a  binder. 

'.'sing  various  binder  and  under-layer  materials,  mica  paper  Is  made  of 
miraite  materials  which  successfully  substitute  the  materials  prepared 
from  lamellar  mica  by  gluing.  Mlcaite  materials  are  manufactured  in  the 
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USSR  by  treatment  of  mica  witn  hot  soda  and  acid  or  also  by  thermohy- 
draulic  treatment  and  pouring  on  a  special  paper-making  machine  by 
means  of  binding  compounds.  The  micaite  materials  surpass  the  corres¬ 
ponding  micanites  by  a  more  uniform  thickness;  the  flexible  and  form- 
able  glass-miealte  materials  may  be  formed  to  objects  with  a  complex 
chape  and  a  small  curvature  radii.  The  mieaites,  however,  are  consider¬ 
ably  inferior  to  micanites  with  regard  to  mechanical  strength  and  mois¬ 
ture-proofness.  The  following  micaite  materials  are  obtainable;  Commu¬ 
tator  micaite  (grades  KS-1,  KS),  a  sheet  material  prepared  from  mi¬ 
caite  board  or  paper,  impregnated  with  electric  insulating  varnishes 
and  pressed  then  under  heating.  It  is  used  as  an  interlamellar  insula¬ 
tion  in  commutators  of  d-c  electric  machines.  The  binder  content  is 
8-10$;  the  mean  electric  strength  is  not  less  than  20  kv/mm.  Packing 
micaite  (grades  PSK,  PSG,  PSSh,  and  PSE)  is  a  sheet  material  prepared 
from  micaite  board  or  paper  impregnated  with  electric  varnishes  and 
then  pressed  under  heating.  It  is  used  for  electric  insulating  washers, 
frames  and  gaskets  xn  electric  machines  and  apparatuses.  The  binder  con¬ 
tent  is  8-15$,  the  breakdown  .Itage  (for  1  mm  thick  specimens)  is  20 
kv.  Formable  micaite  of  various  grades  is  a  solid  material  composed  of 
micaite  paper  bonded  by  an  adhesive,  with  or  without  an  underlayer 
which  covers  the  micaite  paper  on  the  one  or  on  both  sides;  the  mater¬ 
ial  is  formable  by  heating  and  pressing  into  complexly  shaped  objects 
which  maintain  their  shape  after  cooling.  It  is  used  for  the  manufac¬ 
ture  of  pipes,  cylinders  and  other  shaped  objects.  The  binder  content 
is  15-35$,  J he  mean  electric  strength  is  30—40  kv/mm.  Heat-resistant 
formable  glass-mlcalte  is  a  sheet  material  manufactured  from  alkali¬ 
less  glass  fabric  bonded  with  micaite  paper  by  polyorganoslloxane  var¬ 
nish  K-40  and  pressed  under  heating.  It  is  used  in  heat-resistant  elec¬ 
tric  machines  and  apparatuses.  The  mean  electric  strength  is  25  kv/mm; 
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the  specific  volume  resistance  is  lO1^  ohm* cm.  Flexible  mlcalte  for 
slot  insulation  (grades  GO-P,  GTO-P)  is  a  sheet  material  manufactured 
from  micaite  paper  joined  together  with  an  underlayer  of  mica- type  pa¬ 
per,  bonded  by  a  binder  and  treated  by  heating  and  pressing.  It  is  used 
as  a  slot  insujator  in  low-voltage  electric  machines  of  the  usual  de¬ 
sign,  working  at  temperatures  of  up  to  130®.  The  binder  content  is  20- 
40# ;  the  mean  electric  strength  is  16-25  kv/mm.  Flexible  mlcalte  for 
winding  insulation  (grades  GSO-V,  GO-V,  GChO-V)  is  a  sheet  material 
prepared  from  micaite  paper  joined  together  with  a  mica-tape  underlayer, 
bonded  by  a  binder,  following  pressure  under  heat.  It  Is  used  as  a  turn- 
to-turn  insulator  and  as  a  gasket  in  normal  electric  machines  which 
work  a  long  time  at  130°.  The  binder  content  is  20-40#;  the  mean  elec¬ 
tric  strength  is  15  kv/mm.  Flexible  and  heat-resistant  glass  mlcalte  is 
a  sheet  material  prepared  from  alkaliless  glass  fabric  bonded  with  mi¬ 
caite  paper  by  thepolyorganoslloxane  varnish  K-56  and  by  following  hot 
pressing.  The  mean  electric  strength  is  20  kv/mm;  the  specific  volume 
resistance  is  lO1^  ohm«cm.  Flexible  glass  mlcalte  (grade  GSK)  is  a 
sheet  material  manufactured  from  one  or  more  layers  of  micaite  paper 
and  bonded  on  one  or  both  sides  with  glass  fabric  or  glass  gauze  by 
means  of  polyorganoslloxane  varnish.  It  Is  used  as  an  Insulator  in 
heat-resistant  electric  machines  of  the  B  and  F  classes.  The  binder 
content  is  20-40#,  the  mean  breakdown  voltage  is  12.5  kv  for  0.5  mm 
thick  specimens.  Mlcalte  tape  (grades  LgSCh,  LgSS,  L^SK^L,,),  a  mater¬ 
ial  flexible  in  a  cold  state  is  composed  of  micaite  paper  impregnated 
with  an  electric  Insulating  varnish  and  bonded  on  one  or  both  sides 
with  mica-tape  paper  or  glass  fabric.  It  is  used  to  insulate  the  wind¬ 
ings  and  framers  of  electric  machines,  partially  substituting  the  mica- 
tape.  The  binder  content  is  20-40#;  the  mean  breakdown  voltage  is  1.5- 
2. 5  kv. 
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Mica-plast,  a  new  mica  material,  developed  in  the  USSR,  differs 
from  micaite  and  micanites  by  having  higher  mechanical  and  electrical 
strengths  and  a  higher  resistance  to  moisture  and  heat  (up  to  500-600°). 
The  manufacture  of  the  mica-plast  is  based  on  a  mechanical  grinding  of 
mica  in  purified  water  adding  a  certain  amount  of  salts  and  mechanical 
substances  without  using  acids  and  alkalis  for  the  cleavage.  The  ten¬ 
sile  strength  of  mica-plast  tapes  exceeds  that  of  micaite  tapes  by  5-6 
times.  Epoxy,  polyester  polyorganosiloxane  and  inorganic  products  are 
used  as  binders.  Glass  tapes,  synthetic  films,  etc.,  are  used  as  under¬ 
layers  The  working  temperature  of  mica-plast  materials  is  350-500°. 

S . A.  Yamanov 
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[Transliterated  Symbols] 

=  SO  =  slyuda  obraztsovaya  =  standard  mica 
=  SF  =  slyuda  fil'trovaya  =  filter  mica 
=  SNCh  =  slyuda  nizkochastotnaya  =  low-frequency  mica 
=  SVCh  =  slyuda  vysokochastotnaya  =  high-frequency  mica 
=  SZ  =  slyuda  zashchitnaya  =  protective  mica 
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ELECTRIC -INSULATION  CARDBOARD  -  is  a  cardboard  with  dielectric 
properties  used  as  an  insulating  material  in  electrical  engineering. 

The  most  important  properties  of  the  electric-insulation  cardboard  are 
the  electric  strength,  the  heat  resistance,  and  the  durability. 
Electric-insulation  cardboard  is  made  from  sulfate  cellulose  having 
high  electric-insulating  properties,  and  rag  fibers  which  give  the 
material  the  heat  resistance,  durability,  and  an  increased  ability  to 
soak  in  oil.  The  high  electric  insulation  qualities  are  also  obtained 
by  a  high  pressing  of  the  raw  materials  during  the  production.  Electric 
insulation  cardboard  must  not  contain  current-conducting  inclusions 
and  must  not  exfoliate  when  stamped  and  cut  with  shears  of  the  guillo¬ 
tine  type.  Electric-insulation  cardboards  are  subdivided  into  two 
groups  according  to  their  destination.  The  EV  cardboards,  destined  for 
working  in  air,  belong  to  the  first  group,  the  EM  cardboards,  used  for 
working  in  transformer  oil  at  a  temperature  up  to  95°,  belong  to  the 
second  one.  EV  is  used  for  make  washers  and  coil  bobbins,  and  also  for 
the  insulation  of  grooves  in  diverse  electric  machines.  The  following 
grades  are  deliverable:  EVS,  EVP,  EVT,  and  EV.  EVS  is  characterized  by 
a  high  bending  strength,  it  does  not  crease  when  set  automatically  into 
a  groove.  EVP  is  characterized  by  an  increased  by  volume  and,  therefore, 
a  high  electric  strength.  EVT  contains  an  increased  quantity  of  rag 
fibers  and  has,  therefore,  an  Improved  heat  resistance,  durability  and 
ability  to  absorb  oil.  The  electric-insulation  cardboards  of  this  group 
are  delivered  in  rolls  (all  grades)  and  in  sheets  (the  grades  EVS  and 
EV).  The  indices  characterizing  the  cardboards  of  the  EV  group  are 
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listed  in  Table  1.  The  EM  cardboards  are  used  in  oil-filled  transform¬ 
ers,  starting  and  disconnecting  high-voltage  devices.  The  electric  in¬ 
sulation  properties  of  these  cardboards  depend  on  the  properties  of  the 
raw  materials  and  oils  which  fill  the  cardboard  pores.  The  density  of 
the  EM  cardboards  is  lower  than  that  of  the  EV  cardboards  in  order  to 
secure  a  high  absorbability  for  oil.  Three  grades  of  EM  cardboard  are 
delivered  according  to  GOST  4194-62:  EMTs,  EMS,  and  EMT  (Table  2).  The 
cardboard  with  a  thickness  of  0.5  mm  is  delivered  in  rolls  and  sheets, 
that  with  a  thickness  higher  than  0.  5  mm  in  sheets  only.  0.5,  1.0,  2.0, 
2.5,  and  3  mm  thick  electric-insulation  cardboards  of  the  EM  grades  are 
deliverable.  Cardboard  with  a  thickness  of  1.25  and  1.75  mm  is  obtaina¬ 
ble  by  request  of  the  customer.  The  rule  is  1  m  wide.  The  dimensions  of 
the  sheets  (  in  m  )  are  1.65  x  3.8;  0.85  x  1.1;  0.85  x  1,  and  0. 85  x 
0.95*  Compared  with  other  electric  insulating  material,  the  electric- 
insulation  cardboards  possess  a  higher  hygroscopicity  and  a  lower  heat 
resistance. 

TABLE  1 

Characteristics  of  the  Electric 
Insulation  Cardboard  of  the  EV 
Group 
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1)  Indices]  2)  grades:  3)  EVS;  4) 

EVP;  5)  EVT;  6)  EV;  7)  in  rolls,  8) 
sheets;  9)  weight  by  volume  (g/cm3;; 
10)  tensile  strength  in  initial  state 
(kg/mm2,  not  less  than);  11)  along; 
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12)  across;  13)  along  after  100 
bendings;  14)  electric  strength 
(kv/mm);  15)  after  drying;  lo) 
along  after  bending  In  longitudi¬ 
nal  direction;  17)  moisture  con¬ 
tent  {%,  not  more  than). 


\ 

A 


TABLE  2 

Characteristics  of  the 
Electric-Insulation  Card 
board  of  the  Group  EM 
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1)  Indices:  2)  grades;  3)  EMTs;  4)  EMS;  5)  EMT;  6)  weight  by  volume 
(g/cm3);  7)  tensile  strength  (kg/mm2);  8)  across;  9)  along;  10)  elec¬ 
tric  strength  of  specimens  tested  in  transformer  oil  for  1  min  at 
90±5°  and  a  current  frequency  of  50  cps  (kv/mm);  11)  with  a  thickness 
of  (mm);  12)  shrinkage  when  drying  a  cardboard  of  2  and  more  mm  thick¬ 
ness  (#);  13)  across;  lh)  in  thickness;  15)  moisture  content  ($). 

S. Sh.  Ryvlin 
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ELECTRIC  INSULATION  LACQUER  is  a  film-forming  composition  used  in 
the  production  of  electrical  machines,  apparatus,  and  Instruments  and 
also  for  the  fabrication  of  electric  insulating  materials  and  cable 
products.  It  contains  natural  and  synthetic  resins,  natural  and  artifi¬ 
cial  bitumens,  vegetable  oils,  cellulose  esters,  synthetic  rubbers,  and 
also  compositions  made  from  the  listed  substances.  On  the  basis  of  func 
tion  the  electric  insulation  lacquers  are  divided  into  impregnating, 
coating  and  bonding.  This  division  is  arbitrary,  i.e.,  the  same  elec¬ 
tric  insulation  lacquer  can  be  used  for  both  impregnating  and  coating 
or  for  coating  and  bonding. 

The  Impregnating  electric  Insulation  lacquers  are  used  for  impreg¬ 
nating  windings  of  electrical  equipment  for  the  purpose  of  cementing 
the  windings,  improving  the  heat  and  moisture  resistance  of  the  insula¬ 
tion,  improving  its  mechanical  and  electrical  strength  as  well  as  the 
thermal  conductivity;  the  Impregnating  lacquers  must  have  a  good  lmpreg 
natlng  capability  with  a  maximal  content  of  the  lacouer  base;  must  not 
be  destructive  to  the  insulation  and,  most  of  all,  must  not  deteriorate 
the  enamel  insulation  of  the  winding  wires  or  the  rubber  and  plastic 
insulation  of  the  lead  wires,  must  provide  secure  bonding  for  the  wind¬ 
ing  turns  (particularly  the  rotating  windings),  must  have  high  dielec¬ 
tric  properties;  must  be  heat-resistant  and  elastic.  In  certain  cases 
the  impregnating  lacquer  is  also  required  to  have  high  moisture  resis¬ 
tance,  resistance  to  the  effect  of  tropical  conditions,  resistance  to 
oils  and  chemicals.  The  impregnating  lacquers  also  include  those  for 
impregnation  of  paper  and  fabrics  in  the  preparation  of  laminated  plas- 
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tics  (in  this  case  the  lacquers  also  serve  as  bonding  agents  since  they 
bond  the  Individual  sheets  of  paper  or  fabric),  in  the  production  of 
lacquered  fabric  and  lacquered  papers. 

The  coating  electric  insulation  lacquers  serve  basically  for  the 
protection  and  preservation  of  the  impregnated  windings  from  the  action 
of  lubricating  oils,  mechanical  damage,  atmospheric  conditions,  brush 
dust,  chemical  reagents,  for  the  creation  of  semiconduct lve  coatings, 
etc.  The  coating  electric  insulation  lacquers  for  the  protection  of  the 
impregnated  windings  are  used  primarily  in  the  form  of  enamels  contain¬ 
ing  mineral  pigments,  whose  introduction  improves  the  surface  hardness 
of  the  coatings,  the  heat  conductivity  and  the  arc  resistance.  The 
coating  electric  insulation  lacquers  also  include  the  lacquers  for  the 
coating  of  details  made  from  the  plastics  and  other  materials,  the  lac¬ 
quers  for  enameling  winding  wires,  for  lacquering  the  sheets  of  trans¬ 
former  steel  in  laminated  magnetic  circuits,  for  lacquering  sleeving 
for  assembly  wiring.  For  these  uses  it  is  particularly  Important  that 
the  lacquers  be  fast  drying,  have  good  adhesion  to  the  surface  being 
covered,  have  the  capability  of  providing  a  hard,  smooth,  mechanically 
strong  film  which  does  not  soften  at  the  operating  temperature. 

The  bonding  electric  insulation  lacquers  are  used  for  the  bonding 
of  mica  or  micaceous  materials  with  one  another  or  with  various  sub¬ 
strates,  for  the  bonding  of  film  materials  to  substrates,  for  the  fab¬ 
rication  of  various  compositional  electric  insulation  materials,  for 
the  bonding  of  packets  of  transformer  steel. 

For  the  bonding  lacquers  it  ie  particularly  important  to  have  max¬ 
imal  adhesion  to  the  materials  being  bonded  and,  in  many  cases,  to  have 
elasticity  of  the  lacquer  film.  The  hot  drying  (furnace  drying)  elec¬ 
tric  insulation  lacquero  require  temperatures  of  100*  and  higher  for 
their  drying  and  to  obtain  a  lacquer  film  with  optimal  properties.  For 
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the  air-drying  electric  insulation  lacquers,  use  is  made  of  more  vola¬ 
tile  and  lower-boiling  solvents  than  for  the  furnace -drying  lacquers. 


Characteristics  of  Certain  Impregnating  Electric  Insula¬ 
tion  Lacquers 
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1  2 
)  Using  a  lacquer  base;  )  tests  made  on  paper  sub¬ 
strate;  3)  tests  made  on  discs  one  mm  thick;  in 
atmosphere  with  95  ±  3  percent  humidity. 

1)  Charactersitlc;  2)  bitumen/oll;  3)  glyptal  melamine 
ML-92;  4)  phenol  alkyd  ML-98;  5)  polyorganoslloxane :  6) 
water  emulsion;  7)  KP-18  lacquer  without  solvent;  8)  EF- 
3BSU:  9)  PFL-8V;  10)  nonvolatile  content  not  less 
than);  11)  acid  number  (mg  KQH/g,  not  more  than);  12) 
drying  time  (hours,  not  more  than):  13)  thermoelasticity 
of  film  (hours,  not  less  than);  14)  film  water  absorp¬ 
tion  in  24  hours  {%,  not  more  than):  15)  film  electrical 
strength  (kv/mm,  not  less  than);  lo)  at;  17)  after  24 
hours  in  water;  18)  specific  volumetric  resistance  of 
film  at  20°  (ohm-cm,  not  less  than). 


As  the  lacquer  base  in  the  electric  insulation  lacquers,  use  is 
made  of  the  vegetable  oils  and  their  compositions  with  other  natural 
materials  (bitumens,  resin  and  the  product  of  its  processing,  copas), 
synthetic  resins  Including  those  modified  with  the  vegetable  oils.  Lac¬ 
quers  based  on  the  cellulose  esters  and  their  compositions  with  lac¬ 
quers  made  from  the  synthetic  resins  have  found  limited  use  in  the 
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technology  of  electric  Insulation.  In  the  production  of  the  electric 
Insulation  lacquers  there  Is  seen  a  tendency  for  the  replacement  of  the 
natural  raw  materials  (bitumens,  vegetable  oils,  natural  resins)  by 
the  higher  quality  synthetic  resins,  the  replacement  of  the  toxic  or¬ 
ganic  solvents  with  water,  and  also  changeover  to  the  impregnating  com¬ 
positions  which  do  not  contain  solvents,  permitting  impregnation  and 
drying  of  the  windings  on  the  production  line.  The  table  presents  the 
basic  characteristics  of  certain  most  frequently  used  and  most  promis¬ 
ing  impregnating  electric  insulation  lacquers. 

References:  Spravochnlk  po  elektrotekhnicheskim  materlalam  [Hand¬ 
book  on  Electro-Technical  Materials],  Vol.  1,  Pt.  1,  M. -L. ,  1958;  Glad¬ 
kov  A.Z.,  Proizvodstvo  elektroizolyatsionnykh  lakcv  [Production  of 
Electric  Insulation  Lacquers],  M.-L.,  1951;  Leibnitz  E. ,  EInftthrung  In 
die  Anwendung,  Prdfung  und  Bewertung  von  Elektro-Isolierlacken,  Lpz. , 
1951;  Novyye  elektroizolyatsionnyye  materialy  [New  Electric  Insulation 
Materials],  coll,  of  articles.  No.  2,  M. ,  1958;  Sbornlk  standartov  1 
tekhnlchesklkh  usloviy  na  produktsiyu  lakokrasochnoy  promyshlennosti 
[Collection  of  Standards  and  Specifications  for  Production  of  Lacquer 
and  Paint  Industry],  Nos.  1-5,  M--L.,  1952-59* 

S.V.  Shishkin 
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ELECTRIC  IRON  —  is  one  of  the  most  important  electrical  engineer¬ 
ing  materials  with  high  magnetic,  mechanical  and  technological  proper¬ 
ties.  Impurities  (carbon,  especially)  and  also  cold  hardening  and  dimin¬ 
ishing  of  the  grain  size  deteriorate  the  magnetic  properties  of  elec¬ 
tric  iron  (the  magnetic  permeability  drops,  the  coercive  force  and  the 
hysteresis  loss  increase).  Martin  Armco  iron  is  the  most  widely  used 
magnetic  material.  Its  properties  are  fixed  by  GOST  3836-47,  where  it 
is  termed  thin-sheet  electric  engineering  low-carbon  steel  (Table). 


Magnetic  Properties  of  Electric  Engineering  Low-Car¬ 
bon  Steel  (according  to  GOST  3876-47) 
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1)  Steel;  2)  coercive  force  (oersted)  not  more  than;  7)  umas.  (gauss/ 
/oersted),  not  less  than;  M  magnetic  Induction  B  (gauss )  depending  on 
the  magnetic  field  force  (H)  (amp/em);  •  )  E;  v)  EA;  7)  EAA. 


The  maximum  impurity  percentage  in  the  steel  is  as  follows:  .8  C; 
0.2  Mn;  v.2  Si;  0.0:5  P;  2.C.3  S;  0.  1; -7.  3  Cu. 

Reduced  electric  iron  in  the  form  cf  rowier,  pressed  to  pieces  and 
annealed  in  hydrogen,  in  order  to  cause  reerys tal 1 lcation  and  tc  remove 
carbon  and  oxygen,  contains  (in  as  follows:  C;  u;  tc  7.71 

Mn,  up  to  0.01  Si,  up  to  -  .7  7  P,  to  7,  up  tc  0. ..  1  A1  and  up 

to  0.015  Cu.  After  remelting  in  vacuum  arid  annealing,  the  iron  possess¬ 
es  the  following  higher  magnetic  properties:  initial  permeability  u-  - 
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*  500  gauss/oersted;  M-^^g  =  15,000  gauss/oersted;  residual  induction 
Br  *  10,500  gauss;  coercive  force  Hc  *  O.35  oersted.  Carbonyl  iron  pos¬ 
sesses  the  highest  properties  as  follows:  ■  2000-3000  gauss/oersted; 

^maks  “  20,000-21,500  gauss/oarated;  Br  -  5000-6000  gauss;  Hc  »  0.8  oer¬ 
sted;  magnetic  saturation  Uni  *  21,700  gauss.  It  is  obtained  by  the 

S 

decomposition  of  iron  carbonyl  Fe(C0)^  as  a  powder  with  a  grain  size  of 
up  to  10  microns.  Soft  steel  (with  about  0.l£  C)  may  be  used  instead  of 
Armco  iron  when  Hc  and  u  are  not  needed  to  fulfill  high  requirements 
(cores  of  electric  magnetos,  for  example). 

A  disadvantage  of  the  electric  iron  is  its  high  tendency  to  aging 
which  may  be  prevented  by  slow  cooling  after  annealing. 

Electric  iron  is  used  mainly  in  d-c  equipment:  magnetic  circuits 
and  pole  shoes  of  electric  magnetos  and  relays,  electric  measuring  de¬ 
vices,  magnetic  shields,  membranes,  etc.  Carbonyl  and  electrolytic  iron 
are  also  used  to  prepare  magnetic  dielectrics. 

References :  Zaymovskly,  A-S.  and  Chudnovskaya,  L.A.,  Magnltnyye 
materialy  (Magnetic  Materials],  [ 3rd  Elitlonj,  Moscow-Leningrad  (Metal- 
!;,  i  splavy  v  elektrotekhnike  [Metals  and  Alloys  in  Electric  Engineer¬ 
ing],  Vol.  1);  Mes'kln,  V.S.,  Ferroaagnitnyye  splavy  [Ferromagnetic  Al¬ 
loys],  Leningrad-Moseow,  1  *37;  Bothort,  R. ,  Ferromagnetism,  translated 
from  English,  Moscow,  1956. 

B.G.  Livshits  and  A. A.  Yudin 
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ELECTRIC  RESISTANCE  METHOD  OF  FLAW  DETECTION  -  is  based  on  the  de¬ 
termination  of  the  electric  resistance  between  two  points  on  the  sur¬ 
face  of  the  tested  object.  The  electric  resistance  depends  on  the  spe¬ 
cific  resistance  of  the  material  and  the  geometrical  dimensions  of  the 
object,  as  the  wall  thickness,  the  length  of  the  tested  section,  and 
also  on  its  shape;  hence,  the  electric  resistance  method  of  flaw  detec¬ 
tion  may  be  used  to  determine  the  wall  thickness,  to  detect  discontin¬ 
uities  (as  of  lamination  or  solderless  joints  in  sheet  and  laminar  ma¬ 
terials),  and  to  test  properties  connected  with  tne  specific  electric 
conductivity  of  the  material  (for  example,  the  quality  of  heat  treat¬ 
ment,  the  chemical  composition,  etc.).  In  some  cases,  the  electric  re¬ 
sistance  method  of  flaw  detection  may  be  used  to  estimate  the  depth 
of  surface  cracks  detected  by  any  other  method  (for  example,  by  the 
magnetic  particle  inspection  or  the  electric  inductive  method).  Vari¬ 
ous  resistance  meters  (for  example,  the  rnie roohmmeter  M-246)  may  be 
used  in  the  electric  resistance  method  of  flaw  detection.  For  contacts 
from  which  two  serve  as  feeders,  the  two  other  being  used  to  measure 
the  potential  difference  on  the  checked  section,  are  used  as  pickups 
in  this  device  also  as  in  others  irder  to  measure  small  resistances. 
The  distance  between  the  contacts  (  ,ne  base)  depends  on  the  type  of 
test.  Thus,  this  distance  must  be  at  least  H  times  greater  than  the 
wall  thickness  when  the  latter  has  to  be  measured.  Needle-type  con¬ 
tacts  fixed  in  a  special  holder  are  usual.  Sliding  or  roller  contacts 
are  used  in  some  cases,  which  allow  the  increase  of  the  efficiency  of 
the  test. 
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ELECTRIC  SHEET  STEEL  -  is  a  steel  with  a  silicon  content  of  up  to 
4.3$,  used  in  the  production  of  stators  and  rotors  of  electric  engines 
and  generators,  for  transformer  and  choking  coll  cores,  and  in  parts  of 
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Fig.  1.  Effect  of  the  silicon  content  on  the  specific  electric  resist¬ 
ance  of  electric  steel.  A)  p,  mlcrohms«cm;  B)  silicon  content,  %. 
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Fig.  2.  -f  ohe  silicon  content  on  the  losses.  A) 

gauss;  C)  oersted;  D)  watt/kg;  E)  silicon  content, 
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Fig.  3-  Effect  of  the  silicon  content  on  the  mechanical  properties  of 
electric  steel.  A)  kg/mm2;  B)  silicon  content,  %. 
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electromagnetic  device:-,  and  apparatuses .  Conditionally,  electric  steel 
is  divided  into  dynamo  steel  (with  a  O.b-...  5$  silicon  content)  and 
transformer  steel  (with  a  3- 0-4. 3$  silicon  content).  Silicon,  as  an  al¬ 
loying  constituent,  increases  sharply  the  electric  resistance  of  elec¬ 
tric  steel  (Fig.  1)  and  reduces,  therefore,  the  eddy  current  loss;  it 
increases  the  magnetic  permeability,  reduces  the  coercive  force  and 
the  hysteresis  and  total  loss  (Fig.  2);  it  promotes  the  growth  of  the 
grains.  Improving  by  this  way  the  magnetic  properties,  and  weakening 
the  harmful  effect  of  impurities  (it  transformes  the  carbon  into  graph¬ 
ite  which  is  less  harmful  with  regard  to  the  magnetic  properties).  The 
mechanical  properties  of  electric  steel  change  rigorously  with  an  in¬ 
creasing  silicon  content;  the  tensile  strength  and  the  yield  strength 
Increase  steadily  to  a  silicon  content  of  up  to  4.5$  and  drop  then 
rapidly  (Fig.  3)-  The  plasticity  (at  room  temperature)  almost  does  not 
change  when  the  silicon  content  rises  up  to  2.5$,  and  drops  then  rig¬ 
orously.  An  advantageous  fact  is  the  raDid  increase  of  the  plasticity 
at  higher  temperatures.  Steel  with  4-4.5$  silicon,  for  example,  is  brit 
tie  at  room  temperature,  but  can  be  rolled  with  a  great  amount  of  reduc 
tion  to  a  thickness  of  G. 10-0. 01  mm  when  heated  to  150-200°.  Addition 
of  silicon  does  little  to  change  the  specific  heat  and  the  thermal 
expansion  coefficient,  and,  therefore,  th.e^e  values  may  be  taken  as 
eiual  to  those  of  iron.  The  heat  conductivity  decreases  strongly  when 
increasing  the  silicon  content.  The  specific  gravity  is  decreased  pro¬ 
portionally  to  the  increasing  silicon  content. 

The  grades  of  electric  sheet  steel,  the  sheet  thickness,  the  guar¬ 
anteed  values  of  the  magnetic  induction,  the  specific  electric  resist¬ 
ance  and  the  total  loss  are  fixe  1  by  GOOT  802-58.  With  regard  to  the 
technology  of  sheet  production,  the  electric  steel  is  divided  as  fol¬ 
lows  into:  hot-rolled  steel  with,  an  Isotropical  structure;  cold  rolled 
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steel  with  a  small  texture,  with  properties  similar  to  that  of  the 
foregoing;  and  cold  rolled  steel  with  an  expressed  texture,  having  an 
Increased  permeability  and  reduced  losses  in  the  rolling  direction  in 
expense  of  deteriorated  properties  in  the  transversal  direction.  Elec¬ 
tric  sheet  steel  possesses  a  so-called  Goss  texture  (the  edge  of  the 
cube  lies  in  the  rolling  direction,  a  plane  of  the  (110)  type  lies  in 
the  rolling  plane).  The  advantages  of  electric  sheet  steel  with  such  a 
texture  become  efficient  only  in  the  case  when  the  magnetic  current 
flows  along  the  rolling  direction.  The  development  of  an  electric  sheet 
steel  with  a  cubic  structure  (the  <100>  edge  of  the  cube  in  the  roll¬ 
ing  direction,  and  the  (100)  plane  of  the  cube  in  the  foiling  plane), 
having  Improved  properties  in  both  the  longitudinal  and  the  transverse 
direction,  was  a  success. 

References ;  Zaymovskiy,  A.S.  and  Chudnovskaya,  L.A.,  Magnitnyye 
materialy  [Magnetic  Materials],  [ 3rd  Edition],  Mo scow -Leningrad,  Metal- 
ly  i  splavy  v  elektrotekhnike  [Metals  and  Alloys  in  Electric  Engineer¬ 
ing],  Vol.  1;  Livshits,  B.G. ,  Fizlcheskiye  svoystva  metallov  i  splavov 
[Physical  Properties  of  Metals  and  Alloys],  Moscow,  1959* 

n • u.  Livshits  and  A. A.  Yudxn 
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ELECTRODEPOSITED  COATINGS  OF  MAGNESIUM  ALLOYS  -  coatings  which  are 
applied  to  component  surfaces  by  the  electrodeposition  method.  Electro- 
deposited  coatings  of  magnesium  alloys  increase  the  wear  resistance, 
electric  and  thermal  conductivity,  as  well  as  the  soldering  ability  of 
magnesium  alloys.  The  difficulty  of  application  of  electrodeposit^d 
coatings  of  magnesium  alloys  are  due  to  the  presence  of  an  oxide  film 
on  the  surface  of  magnesium  alloys  and  the  Highly  negative  potential  of 
magnesium.  To  ensure  close  adherance  of  electrodeposited  coatings  of 
magnesium  alloys  with  the  metal  surface  use  is  made  of  the  following 
methods  of  treatment  (preparation)  of  the  surface:  1)  creating  a  thin 
homogeneous  film  which  protects  the  metal  surface  from  the  direct  ef¬ 
fect  of  the  electrolite.  The  film  should  be  electrochemically  active 
and  be  restored  partially  or  totally  upon  cathodic  polarisation,  thus 
ensuring  electrodeposition  of  the  metal  coating  on  the  active  surface; 
2)  preliminary  contact  deposition  of  zinc  on  the  metal  surface.  The 
zinc  layer,  which  clings  tightly  to  the  magnesium  alloy's  surface, 
partially  protects  from  the  corrosive  action  of  the  electrolite  and 
serves  as  an  electrochemical  base  for  the  subsequent  deposition  of  the 
main  coating. 

The  method  of  contact  zinc  deposition  has  come  into  practical  use. 
This  method  consists  of  the  following  operations:  a)  preliminary  pre¬ 
paration  of  the  surface,  which  includes  cleaning,  degreasing  by  organic 
solvents  and  electrical  degreasing  in  an  alkaline  solution  at  a  tempera 

p 

ture  of  60-70°  and  current  density  of  2-5  amps/decimeter  j  b)  etching 
in  50-60$  acetic  acid  for  15-60  secs  for  shaping  alloys  and  in  70-85$ 
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steel  with  a  small  textu.e,  with  properties  similar  to  that  of  the 
foregoing;  and  cold  rolled  steel  with  an  expressed  texture,  having  an 
increased  permeability  and  reduced  losses  in  the  rolling  direction  in 
expense  of  deteriorated  properties  in  the  transversal  direction.  Elec¬ 
tric  sheet  steel  possesses  a  so-called  Goss  texture  (the  edge  of  the 
cube  lies  in  the  rolling  direction,  a  plane  of  the  (110)  type  lies  in 
the  rolling  plane).  The  advantages  of  electric  sheet  steel  with  such  a 
texture  become  efficient  only  in  the  case  when  the  magnetic  current 
flows  along  the  rolling  direction.  The  development  of  an  electric  sheet 
steel  with  a  cubic  structure  (the  <100>  edge  of  the  cube  in  the  roll¬ 
ing  direction,  and  the  {100}  plane  of  the  cube  in  the  foiling  plane), 
having  improved  properties  in  both  the  longitudinal  and  the  transverse 
ilr^ction,  was  a  success. 

References:  Zaymovskiy,  A.S.  and  Chudnovskaya,  L.A. ,  Magnitnyye 
materialy  [Magnetic  Materials],  [3_rd  Edition],  Moscow-Leningrad,  Metal- 
ly  i  splavy  v  elektrotekhnike  [Metals  and  Alloys  in  Electric  Engineer¬ 
ing]  ,  Vol.  1;  Livshits,  B.G. ,  Flzlcheskiye  svoystva  metallov  i  splavov 
[Physical  Properties  of  Metals  and  Alloys],  Moscow,  1959- 
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ELECTRODEPOSITED  COATINGS  OF  MAGNESIUM  ALLOYS  -  coatings  which  are 
applied  to  component  surfaces  by  the  electrodeposition  method.  Electro- 
deposited  coatings  of  magnesium  alloys  increase  the  wear  resistance, 
electric  and  thermal  conductivity,  as  well  as  the  soldering  ability  of 
magnesium  alloys.  The  difficulty  of  application  of  electrodeposited 
coatings  of  magnesium  alloys  are  due  to  the  presence  of  an  oxide  film 
on  the  surface  of  magnesium  alloys  and  the  highly  negative  potential  of 
magnesium.  To  ensure  close  adherance  of  electrodeposited  coatings  of 
magnesium  alloys  with  the  metal  surface  use  is  made  of  the  following 
methods  of  treatment  (preparation)  of  the  surface:  1)  creating  a  thin 
homogeneous  film  which  protects  the  metal  surface  from  the  direct  ef¬ 
fect  of  the  electrolite.  The  film  should  be  electrochemically  active 
and  be  restored  partially  or  totally  upon  cathodic  polarization,  thus 
ensuring  electrodeposition  of  the  metal  coating  on  the  active  surface; 

2)  pi eliminary  contacl  r* *_i-n  zinc  on  the  metal  surface.  The 
zinc  layer,  which  clings  tightly  to  the  magnesium  alloy's  surface, 
partially  protects  from  the  corrosive  action  of  the  electrolite  and 
serves  as  an  electrochemical  base  for  the  subsequent  deposition  of  the 
main  coating. 

The  method  of  contact  zinc  deposition  has  come  into  practical  use. 

This  method  consists  of  the  following  operations:  a)  preliminary  pre¬ 
paration  of  the  surface,  which  Includes  cleaning,  degreasing  by  organic 
solvents  and  electrical  degreasing  in  an  alkaline  solution  at  a  tempera- 

p 

ture  of  60-70°  and  current  density  of  2-6  amps/decimeter  :  b)  etching 

i 

in  50-60#  acetic  acid  for  15-60  secs  fo.  shaping  alloys  and  in  70-85#  I 
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phosphorus  acid  for  0. 5-3.0  minutes  for  casting  alloys;  c)  "activiza- 
tion"  in  20 %  phosphorus  acid,  containing  100  g/liter  of  ammonium  bi¬ 
fluoride  (NH^HFg),  the  processing  time  for  alloys  of  the  Mg-Mn  system 
is  15-60  seconds,  for  alloys  of  the  Mg-Al-Zn  system  it  is  up  to  3  min¬ 
utes;  d)  chemical  (contact)  zinc-coating  in  a  solution  with  the  compos¬ 
ition;  45  g/liter  ZnS0^*7H20,  200  g/liter  Na^PgCy  lOHgO,  10  g/liter  KP* 

• 2H20,  NagCO^  or  NaOH  up  to  pH  10;  the  temperature  of  the  solution  is 
70±5°,  the  duration  of  treatment  for  alloys  of  the  Mg-Mn  system  is  3-7 
minutes,  for  alloys  of  the  Mg-Al-Zn  type  system  it  is  5-15  minutes;  e) 
copper  coating  in  the  cyanitic  eiectrolite  with  the  composition:  40-45 
g/liter  CuCN,  5-7  g/liter  NaCNsyob,  45-50  g/liter  KNaC^Og,  25-30  g/ 
/liter  NagCO^,  6-8  g/liter  NaOH.  The  copper  coating  regime  is;  solution 
temperature  6o±5°,  current  density  1-2  amps/decimeter  ,  current  revers¬ 
al,  cathodic  intermixing,  loading  of  components  under  a  current  (cur¬ 
rent  ’’kickback”  at  a  density  of  2-4  amp  s/decimeter2  for  0. 5-1.0  minutes), 
coating  thickness  20-25  microns;  f)  heating  (control  of  the  copper  coat¬ 
ing  quality)  at  a  temperature  of  150-200°  for  15-30  minutes.  The  ab¬ 
sence  of  bubbles  and  blow-up  spots  shown  that  *he  coating  is  of  good 
g)  eieetrodeposition  of  the  main  citing  (nickel,  chromium, 
silver,  cadmium,  etc.  )  is  performed  by  making  use  of  usual  electrolites 
(see  Electrodeposlted  Coatings  of  Steel,  Anodizing  Magnesium  Alloys, 
Oxidation  of  Magnesium  Alloys). 

Due  to  the  highly  negative  potential  of  magnesium  alloys,  all  the 
electrodeposlted  coatings  are  cathodic  with  respect  to  them  and  can 
have  protective  properties  only  in  the  absence  of  pores,  for  which  rea¬ 
son  the  protective  properties  of  coatings  are  improved  by  applying  a 
sublayer  and  increasing  the  coating  thickness.  For  protection  from  at¬ 
mospheric  corrosion  the  total  thickness  of  electrodeposlted  coatings  of 
magnesium  alloys  (sublayer  +  main  coating)  should  be  at  least  40  microns. 
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t-  r  rigorous  servi  :»?  conditions  It  is  re  oranended  that  1-2  layers 


i.\cquer  and  paint  be  applied  over  the  electroderosited  coating  of  mag¬ 
nesium  alloys  (see  Lacquer  and  Paint  Coatings  of  Magnesium  Alloys). 

Keferences:  Layner,  V.  I. ,  Gal '  vanicheskiye  pokrytiya  legkikh  spla- 
vov  [Electrodeposited  Coatings  of  Light  Alloys],  Moscow,  1999;  Gray, 

A. G. ,  Modern  electroplating.  N.  Y.  -London,  1993. 


S.A.  Romanov 


ELECTRODEPOSIT ED  COATINGS  OF  STEEL  -  coatings  applied  to  the  com¬ 
ponent  surfaces  by  the  electrwdeposition  method.  Methods  of  ele  tro- 
deposited  coatings  of  steel  have  been  elaborated  for  almost  all  the 
metals  and  many  alloys.  In  addition  to  standard  methods  of  electrode¬ 
position  of  coatings  on  steel  3uch  as  nickel  and  chromium  electroplat¬ 
ing,  methods  such  as:  double-layer  nickel  and  chromium  electroplating, 
coating  by  alloys  (particularly  with  nicKel  as  a  base),  smoothing  out 
nickel  plating,  coating  from  anhydrous  solutions,  are  coming  into  use. 

TABLE  1 

Properties  of  El ectrodeposited  Coalings 
of  Steel 
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1)  Coating;  2)  properties;  3)  zinc;  4}  HB  =  3Q-bO  kgyte2,  c.  -  -20  kg/ 
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/aro  ,  6  =  15-30#,  corrosion  resistant  in  the  atmosphere  and  v-c&kly  ag- 
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gressive  media;  5)  cadmium;  6)  HB  =  12-53  kg/mm  >  coefficient  of  fric¬ 
tion  over  steel  0.24,  corrosion  resistant  under  marine  and  tropical  con¬ 
ditions;  7)  copper;  8)  HB  =  40-160  kg/mm2,  =  30-70  kg/mm2,  6  =  20- 
-40$,  coefficient  of  friction  over  steel  0. 36,  is  easily  polished,  tar¬ 
nishes  in  the  air;  9)  nickel;  10)  HB  =  120-600  kg/mm2,  c.  =  40-80  kg/ 

2  R 
/mm  ,  5  =  15-20$,  is  easily  polished,  light  reflection  coefficient  59- 

65$,  iarnishes  in  air,  a  black-colored  coating  can  be  obtained;  11) 
chromium;  12)  HB  =  400-1000  kg/mm2,  brittle,  is  easily  polished,  light 
reflection  coefficient  62-67$,  is  highly  wear  resistant,  does  not  tar- 
■  nish  in  air,  it  is  possible  to  obtain  a  black-colored  coating  of  vari¬ 
ous  shades,  a  porous  coating  capable  of  satisfactory  holding  of  a  lubri¬ 
cant;  13)  tin;  14)  HB  =  8-10  kg/mm2,  coefficient  of  friction  over  steel 
I  0.24,  tarnishes  in  air,  resistant  to  the  effect  of  food  products,  when 
|  heated  to  240-300°  it  fuses,  taking  on  a  shiny  or  crystalline  form 

i  (crystallite);  15)  lead;  16)  HB  =  3-5  kg/mm2,  coefficient  of  friction 

over  steel  0. 33,  serves  as  a  good  lubricant  in  final  finishing  of  com- 

p 

ponents,  tarnishes  in  air,  17)  silver;  18)  HB  =  60-130  kg/mm  ,  is 
polished  easily,  coefficient  of  friction  over  steel  0. 31,  light  reflec¬ 
tion  coefficient  90-92$,  tarnishes  in  air,  has  a  good  electrical  conduc¬ 
tivity;  19)  bronze;  20)  Hb  =  250-400  kg/mm2,  is  easily  polished,  does 
not  tarnish  in  air.  Color  from  pink  to  white;  21)  nickel-tin  alloy;  22) 
HB  =  60  kg/mm  ,  brittle,  is  polished  easily,  does  not  tarnish  in  air, 

white  color;  23)  nickel-cobalt  alloy;  24)  HB  =  120-250  kg/mm2m  o,  = 

2  U 
145  k.g/mm  ,  <5  =  3-4$,  is  shiny  without  polishing. 

Electrodeposited  coatings  of  steel  are  divided  into  protective  — 
for  protection  from  corrosion,  protective-decorative  -  for  decorative 
finish  and  protection  from  corrosion,  and  special  -  for  imparting 
special  properties  to  components. 

A  number  of  requirements  is  put  to  electrode- 
posited  coatings  of  steel  for  the  purpose  of  en¬ 
suring  their  quality:  minimum  porosity,  good  ad¬ 
herence  to  the  base,  maximum  thickness  uniformity 
over  the  entire  component  surface,  absence  of  in¬ 
ternal  stresses,  fine-crystalline  structure,  good 
external  appearance,  etc.  Low-carbon,  low-alloy 


/- 


Fig.  1.  Schemat¬ 
ic  of  anodic  pro¬ 
tection  of  a 
coating  in  the 
presence  of  pores. 
1)  Water. 
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steel  are  the  best  materials  for  coatings.  Coatings  from  special  alloys 
and  metals  such  as  titanium  molybdenum,  etc.,  have  come  into  use.  In 
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Fig.  2.  Schematic  of  corrosion  in  pores  of  a  cathodic  coating.  1)  Pro¬ 
ducts  of  corrosion;  2)  cathodic  coating. 

designing  components  with  an  electroplated  coating  preference  is  given 
to  cold-rolled  steel.  The  process  of  industrial  application  of  electro- 

TABLr  ? 

Intended  Service  of  Electro- 
deposited  Coatings  of  Steel 
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1)  Intended  service;  2)  coating  metal;  3)  thickness  (microns);  4)  pro- 
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.'<*>  t.ion  from  atmospheric  corrosion;  3)  z  Lnc ;  6)  protection  from  corro¬ 
sion  under  atmusphe ’’ic ,  marine  and  tropical  conditions;  7)  cadmium;  6) 
."•nine  as  above;  9)  zinc-tin,  cadmium- tin  alloys;  10)  protective-decora- 
tivo  finish;  11)  nickel:  12)  multilayer;  13)  nickel-chromium;  14)  eop- 
pcr-nickel-chromium;  13)  total  10-50;  16)  protection  from  corrosion  by 
l’ot-d  products  (can  tin,  dishes,  etc.  );  1?)  tin;  18)  2  and  more;  19) 
white  bronze;  20)  silver;  21)  nickel-tin  alloy;  22)  wear  protection  of 
rubbing  surfaces;  23)  chromium;  24)  porous  chromium;  25)  restoration  of 
dimensions  of  worn  models;  26)  chemical  nickel;  27)  up  to;  28)  iron; 

29}  ensuring  a  bond  between  rubber  and  steel  in  hot  pressing;  30)  brass; 
31)  improving  of  solder  by  soft  solders:  ^2)  copper,  tin,  lead-tin  al- 
lo4\;  33)  improving  press  workability;  34)  copper,  tin,  lead:  35)  final 
finishing  of  components;  36)  tin,  lead;  37)  improving  antifriction 
qualities;  38)  silver,  lead-indium  alloy;  39)  5  and  more;  40)  illumina¬ 
tion  engineering  and  optical  reflecting  surfaces;  4l)  silver,  gold, 
chromium,  rhodium;  42)  special  coatings;  43)  black  nickel  and  cnromium 
coatings. 


deposited  coatings  of  steel  consists  of  the  preparation,  coating  proper 
and  finishing  operations. 

In  addition  to  electroplated  coatings,  use  is  made  of  chemicals 
which  are  based  on  the  restoration  of  salts  to  the  ir.etal  under  the  ac¬ 
tion  of  strong  reducing  agents:  chemical  nickel  placing,  cobalt  plating, 
gold  plating.  The  subsequent  processing  of  the  coatings  (polishing  of 
decorative  coatings,  passivation  of  zinc  and  cadmium,  fusing  of  tin 
coating?,  removal  of  hydrogen  embrittlement)  has  as  its  purpose  to  im¬ 
prove  their  quality. 

The  properties  of  slectrodeposited  coatings  of  steel  are  checked 
by  their  external  appearance,  coating  thickness,  porosity  and  other 
indicators.  Methods  have  been  elaborated,  including  automatic  methods, 
for  control  of  the  production  process  and  the  quality  of  the  electrode- 
posited  coating  thus  obtained. 

References:  Layner,  V.  I.  and  Kudryatscv,  N.T.  Osnovy  gal'vanoste- 
gii  [Fundamentals  of  Electroplating].  3_rd  edition,  parts  1-2,  Moscow, 

196 Vi 967;  Kudryadtsev,  N.T.  and  Fedurkin,  V.  V. ,  Blestyashcbeye  nikel- 
irovaniye  [Shiny  Nickel  PlatingJ.  Moscow,  1951j  Zhetvin,  N. P. ,  Kakhov¬ 
skaya,  F. S.  and  Ushakov,  V.  I, ,  Udaleniye  okaliny  s  poverkhnosti  metaila 
[Removal  of  Scale  from  Metal  Surfaces J.  Moscow,  1957;  Me khaniziro van- 
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nyye  sredstva  dlya  ochistki  noverkhnosti  i  nanesenlya  pokrytiy  [Mechan¬ 
ized  Means  for  Surface  Cleaning  and  Coat  Deposition.  [Moscow,  1959] > 
Persiantseva,  V.  P. ,  Kudryatsev,  N.  T.  and  Kalb,  V.  M. ,  Blestyashcheye 
medneniye  profilirovannykh  izdeliy  iz  kislykh  elektrolltov  [Deposition 
of  Shiny  Copper  Coatings  from  Acid  Electrolites  on  Profiled  Articles], 
"Metallovedeniye  i  obrabotka  metallov"  [ "Metal  Science  and  Treatment  of 
Metals"],  No.  9,  1958;  Solov’yev,  N, A.  Metallicheskiye  pokrytiya,  povy- 
shayushchiye  zharostoykost •  detaley  [Metallic  Coatings  Which  Improve 
the  Heat  Resistance  of  Components],  Ibid,  No.  7»  19^0;  Gal 1 vanopokrytiya 
dlya  usloviy  tropicheskogo  klimata  [ Electrodeposited  Coatings  for  Trop¬ 
ical  Climate  Conditions].  [Collection  of  articles],  [Moscow],  1958; 
"Zhurnal  fizicheskoy  khimii"  ["Journal  of  Physical  Chemistry"].  Vol. 

28,  Issue  5,  1954. 


M.  I.  Gamov 
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ELECTROINDUCTIVE  FLAW  DETECTION  (eddy -current  flaw  detection)  - 
is  a  complex  of  methods  used  to  check  the  quality  of  objects  made  up 
cl’  metallic  or  electric  conducting  nonmetallic  materials  (graphite, 
semiconductors,  etc. )  based  on  the  generation  of  eddy  currents  (VT)  in 
the  checked  object  and  measuring  their  retroaction  on  the  pickup. 

The  ■.  ,‘thodr.  of  electroinduc tive  flaw  detection  allow  the  structur¬ 
al  and  chemical  state  of  an  electric  conducting  material  to  be  tested, 
and  the  thickness  of  coatings,  of  sheets  and  foils,  of  tube  walls,  the 
diameter  of  wires,  etc.,  to  be  measured. 

The  effect  of  the  eddy  currents  induced  in  a  section  of  the  check¬ 
ed  object  is  usually  determined  by  the  value  of  the  amplitude  and  (or) 
the  voltage  phase  of  the  secondary  measuring  coll  placed  either  in  the 
exciting  coil  or  side  by  side  with  it. 

The  electroinductive  flaw  detection  allows  the  testing  of  the  ma¬ 
terial  quality  only  to  a  certain  depth  of  the  material  due  to  the  fact 
that  the  density  of  the  eddy  currents  decreases  in  the  depth  of  the 
cneokeu  object  (the  more  higher  the  frequency  of  tr.e  exciting  field). 

depth  of  penetration  of  the  eddy  currents  is  determined  by  that 
thickness  of  the  material  beyonu  v.hi*_;.  the  indication  of  the  pickup 
vices,  not  change  any  more.  The  penetration  depth  of  eddy  currents  may 
reach  from  some  hundredth  up  to  tens  of  millimeter,  depending  on  the 
frequency  of  the  exciting  field  (usually  in  the  range  from  5  eps  to 
10'V  M'pr)  and  the  properties  of  the  checked  object.  Together  with  the 
fre  uoocy,  the  electric  conductivity  and  magnetic  permeability  of  the 
material  effect  also  the  intensity  and  tne  manner  of  propagation  of  the 
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t'udy  currents.  The  test  of  the  structural  and  chemical  state  of  nonmag¬ 
netic  materials,  therefore,  is  possible  in  cases  in  which  these  proper¬ 
ties  are  unequivocally  connected  with  the  electric  conductivity,  or, 
in  the  cases  of  ferromagnetic  materials  -  with  the  electric  conductiv¬ 
ity  or  the  magnetic  permeability.  Discontinuities  of  the  material, 
causing  a  change  in  the  distribution  of  the  eddy  currents,  the  shape 
and  the  dimensions  of  the  object,  and  also  the  mutual  position  of  the 
coil  and  the  object,  affect  the  interaction  between  the  coil  and  the 
object. 

There  exist  the  following  principal  variants  of  the  electroinduc- 
tive  flaw  detection:  the  method  of  the  passage-coil,  in  which  the  coil 
encompasses  concentrically  the  checked  object;  and  the  method  of  the 
laid  on  coll,  in  which  the  butt  of  the  coil  is  laid  on  the  object.  In 
the  first  case,  the  information  obtained  concerns  an  average  of  the 
quality  along  the  periphery  of  the  object;  in  the  second  case,  infor¬ 
mation  is  given  on  the  quality  of  separate  sections  of  the  object, 
which  allows  the  local  inhomogeneities  in  the  material  to  be  determined. 
Miniature  contact  pickups  are  used  in  the  testing  of  hardly  accessible 
sections  of  complexly  shaped  objects,  and  also  in  the  determination  of 
small  flaws.  Internal  passage  coils  placed  in  the  hollow  of  the  object 
are  used  In  the  testing  of  pipes  and  openings. 

In  the  screening  method  used  mainly  to  measure  the  thickness  of 
sheets,  foils,  etc.,  the  checked  material  Is  placed  between  the  exci¬ 
ting  and  the  measuring  coils.  It  is  substantial  in  the  practical  appli¬ 
cation  of  the  electroinductive  flaw  detection  to  single  out  a  certain 
factor  from  a  number  of  other  factors  affecting  also  the  characteris¬ 
tics  of  the  measuring  coil.  It  is  necessary,  for  example,  to  exclude 
the  interfering  effect  of  the  changes  In  the  thickness  of  the  object, 
and  the  electric  conductivity  and  magnetic  permeability  of  the  material. 
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must  be  tested.  The  following  methods  used  to  separate  the  signal 
caused  by  the  factor  to  be  tested  and  to  suppress  the  interferences  at 
the  same  time  ace  significant  for  an  efficient  application  of  the  elec- 
troinductive  flaw  detection: 

1.  The  differential  method,  in  which  two  pairs  of  coils,  interact¬ 
ing  with  neighbored  sections  of  the  checked  object  (or  one  coil  inter¬ 
acting  with  the  checked  object,  and  the  other  with  a  standard)  are  con¬ 
nected  in  series  opposing,  and  the  voltage  difference  of  the  secondary 
coils  is  led  to  the  measuring  device.  The  interferences  caused  by  fluc¬ 
tuations  of  the  line  voltage,  by  changes  in  the  temperature  of  the 
colls  and  the  objects,  and  by  the  edge  effect,  are  reduced  by  this  meth¬ 
od.  The  interferences  caused  by  changes  in  the  dimensions  and  proper¬ 
ties  of  the  material  are  reduced  in  the  variant  of  comparison  of  the 
neighbored  section,  widely  used  in  flaw  detection. 

2.  The  method  of  phase  selection  measures  the  projection  of  the 
"sc  tor  of  the  measuring  voltage  in  that  phase  direction  in  which  the 
checked  factor  has  the  nighest  intensity,  and  the  interferences,  a  low¬ 
er  one. 

?.  The  method  of  frequency  selection  is  based  on  the  choice  of  the 
optimum  frequency  of  the  excitating  field  at  which  the  highest  sensitii- 
tt\  to  the  checked  factor  or  optimum  conditions  for  the  phase  selection 
are  achieved,  or  it  uses  the  difference  between  the  frequency  spectra 
of  the  signals  caused  by  flaws  and  those  of  the  slower  changing  inter- 
terence  signals  (changes  in  electric  conductivity,  in  dimension,  etc.). 
TIM  •  method  is  applicable  to  devices  working  with  a  pickup  moved  with 
.  high  uniform  velocity  relative  to  the  checked  object. 

4.  The  method  based  on  the  intensification  or  suppression  of  the 
^f'.Vct,  of  the  magnetic  permeability  operates  by  the  control  of  the 
"Itage  of  the  exciting  field  or  by  the  superposition  of  a  d-c  field 
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ol'  corresponding  voltage-  The  saturated  magnet izati_  .  the  checked  ma¬ 
terial  in  the  d-c  field  allows  the  strong  interferences  caused  by  ln- 
c qual  internal  stresses  to  be  eliminated,  exciting  sharp  fluctuations 
of  the  magnetic  permeability,  when  ferromagnetic  steel  semiproducts 
are  checked;  and  also  the  interferences  caused  by  ferromagnetic  sec¬ 
tions  may  be  eliminated  in  the  checking  of  austenitic,  steels.  The  magne¬ 
tisation  allows  also  the  increase  of  the  penetration  depth  of  the  eddy 
currents,  and,  therefore,  the  enlargement  of  the  checked  zone  of  the 
object. 

Flaw  detectors  with  contact  coils  are  used  in  the  manual  testing 
of  objects.  These  devices  are  Insensible  to  changes  in  the  gap  between 
the  measuring  coil  and  the  object  surface  in  the  range  of  1  mm;  end, 
therefore,  a  precise  adjustment  of  the  pickup  is  not  necessary;  painted 
or  soiled  objects  may  also  be  checked.  Pickups  having  miniature  coils 
with  a  diameter  of  about  1.5  mm  are  designed  for  the  detection  of  small 
flaws  cr  for  the  testing  of  hardly  accessible  sections.  Flaws  in  a 
C.5-3  mm  thick  surface  layer  are  detectable,  depending  on  the  working 
frequency  and  the  dimensions  of  the  pickup.  The  devices  allow  the  depth 
of  cracks  to  be  estimated,  a  fact  which  is  especially  significant  to 
the  testing  of  fatigue  cracks  under  working  conditions.  The  minimum 
determinable  depth  of  cracks  is  about  0.005  mm;  the  length  is  about 
0. 3-0. 4  mm.  The  devices  are  also  used  in  combination  with  mechanically 
scanning  devices. 

Flaw  detectors  with  passage-coils  are  used  in  the  mechanized  (the 
recent  devices  for  the  totally  automated  one)  testing  of  wire,  rods, 
piper  and  profile  parts-  The  semiproducts  to  be  checked  are  fed  with  & 
speed  of  1-10  m/sec  (depending  on  their  dimension).  The  automatic  flaw 
detectors  are  equipped  with  a  signal  device,  with  devices  for  record¬ 
ing.  for  making  the  defective  places,  for  separating  the  defective 
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pieces,  and  with  counters  for  the  number  of  flaws  and  that  of  the 
checked  pieces,  etc.  Automated  flaw  detectors  with  contact  pickups  are 
used  mainly  in  the  testing  of  semiproducts  and  finished  pieces  having 
the  shape  of  solids  of  revolution.  Rotation  of  the  pickup  (speeds  up 
to  3000  rpm  are  realized)  and  transfer  of  the  object  in  the  axial  direc¬ 
tion,  or  rotation  of  the  object  and  the  axial  transfer  of  the  pickup 
are  used  in  order  to  scan  the  whole  surface.  Devices  are  also  used  to 
check  the  plane  surfaces  of  objects  and  the  inner  surface  of  tubes  by 
means  of  rotating  pickups.  A  maximum  sensibility  for  small  surface 
flaws  (having  a  depth  of  0.01-0.02  mm  when  a  polished  surface  is  test¬ 
ed)  may  be  achieved  with  flaw  detectors  of  this  type. 

Devices  with  contact-  or  such  ones  with  passage-pickups  are  used 
in  the  sorting  of  materials  according  to  grades  in  the  testing  of  the 
quality  of  heat  treatment  (instead  of  the  measurement  of  hardness), 
in  the  checking  of  the  degree  of  purity  of  Cu,  Al,  and  other  metals, 
in  the  determination  of  the  C  content  in  steel,  of  the  depth  of  nitri- 
ded  and  carburized  layers,  of  the  depth  of  surfacial  decarbonization, 
in  the  detection  of  total  or  local  overheatings  (grinding  burns  and 
other  technological  overheatings,  material  overheatings  under  working 
conditions),  in  the  determination  of  liquation  zones,  of  porosity,  of 
"soft"  spots,  ani  also  for  a  quick  contactless  measuring  of  the  elec¬ 
tric  conductivity  of  nonmagnetic  materials,  etc.  The  former  are  used 
in  all  cases  when  local  inhomogeneities  of  tne  material  must  be  detec¬ 
ted,  and  in  the  checking  of  complexly  formed  large  and  small-lot  ob¬ 
jects,  and  also  in  the  testing  of  parts  in  assembled  constructions, 
etc.  Devices  of  this  type  are  equipped  with  counting  devices  used  to 
measure  immediately  the  e?*  c  conductivity  of  the  surface  layer  of 
diversely  shaped  objects,  wime  for  one  measurement  being  in  the 
range  of  about  3  sec.  For  this  purpose,  only  an  approximately  plane 
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surface  section  with  a  diameter  of  10-15  mm  must  be  present  at  a  thick- 
,ess  of  0.5-1* 5  mm  in  the  tested  cross  section  (depending  on  the  work¬ 
ing  frequency  and  the  electric  conductivity  of  the  checked  material). 

The  precision  of  the  measurement  is  about  1#  of  the  measured  value. 

Devices  with  passage-coils  are  used  in  the  test  of  semiproducts 
and,  preponderantly,  of  small  parts  (fastening  pieces,  balls,  rolls, 
drills,  etc.).  An  efficiency  of  some  hundred  parts  per  hour  or  a  test 
of  the  parts  with  a  speed  of  up  to  2  m/sec  may  be  achieved  when  the  ma¬ 
terial  is  fed  by  hand,  and  the  indications  are  observed  visually.  Total¬ 
ly  automated  devices  with  equipment  for  sorting  the  objects  automatical¬ 
ly  into  2-3  grades  according  to  the  quality,  are  also  used.  Their  effi¬ 
ciency  achieves  some  thousand  parts  per  hour  or  10  m/sec  when  semifin¬ 
ished  products  are  tested. 

Devices  used  in  testing  the  quality  of  the  material  are  also  able 
to  indicate  flaws,  with  a  lower  sensibility,  however,  than  flaw  detec¬ 
tors. 

Devices  with  passage-coils  may  be  adjusted  (using  phase  selection) 
to  the  measurment  of  the  diameter  of  wire,  rods,  rolls,  balls,  etc.; 
and  may  also  be  used  as  a  contactless  checking  of  the  size  (with  auto¬ 
matic  recording  of  the  results  or  with  sorting  according  to  the  size) 
of  objects  which  pass  the  pickup-coil  at  a  high  speed.  Special  devices 
which  operate  at  higher  frequencies  are  also  used  for  this  purpose  as 
well  as  for  the  checking  of  quality,  the  interference  of  changes  in  the 
electric  conductivity  of  the  material  being  almost  eliminated  due  to 
this  fact  Special  electric  inductive  devices  are  also  used  for  the 
continuous  measuring  and  recording  of  the  thickness  of  pipes,  foils, 
strips,  and  thin  sheets  of  nonmagnetic  metals. 

The  following  methods  of  electrclnductlve  flaw  detection  are  used 
to  measure  various  types  of  coatings:  1)  nonconductive  coatings  on  non- 
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magnetic  metals,  for  example,  lacquers,  paints,  anodic  coatings,  paper, 
plastics,  ceramics,  etc.  Thicknesses  in  the  range  of  some  microns  (de¬ 
corative  or  anticorrosive  coatings)  may  be  measured  up  to  tens  of  mm 
(heat-protecting  coatings).  The  precision  of  the  measurement  depends  on 
the  shape  of  the  object  and  the  degree  of  homogeneity  in  tne  conductiv¬ 
ity  of  the  material  (lying  between  2  and  5%)i  2)  in  order  to  measure 
the  coatings  of  a  nonmagnetic  metal  on  a  nonmagnetic  metal  whose  elec¬ 
tric  conductivity  differs  from  that  of  the  coating  (for  example,  elec¬ 
troplatings,  and  plat'-ig  layers  of  bimetallic  objects).  The  higher  the 
precision  of  the  measurement  the  higher  is  the  difference  between  the 
electric  conductivity  of  the  co?.tlng  and  that  of  the  base  material,  and 
the  more  uniform  is  the  electric  conductivity;  3)  in  order  to  measure 
the  metal  coating  on  nonconducting  materials,  the  metal  layers  on  capa¬ 
citor  paper,  printed  circuits,  etc  ,  for  example. 

References;  Dorofeyev,  A.L. ,  Nerazrusnayushchiye  ispytaniya  meto- 
dom  vikhrevykh  tokov  [Nondestructive  Test  Methods  by  the  Method  of  Eddy 
Currents],  Moscow,  1961;  Rcdlgin,  N.M.,  Korobeynikova,  I. Ye.,  Kontroi' 
kachestva  izdelly  metodom  vikhrevykh  tokov  [Quality  Test  by  Means  of 
Eddy  Currents),  Moscow-Sverdlovsk,  1958;  Fbrste.*,  F-  and  Breitfeld,  H.  , 
7.  Metallkunde  [Journal  of  Metal  Sciences],  1952,  Vol.  93,  No.  1,  page 
372;  Fbrster,  F.  and  Stambke,  K. ,  ibid. ,  1959,  Vol.  ^5,  No.  9,  page 
166;  Fdrster,  F. ,  " Material prilfung"  [Material  Testing),  1*61,  Vol.  9, 
No.  11,  page  397;  the  same,  ir.  the  book  "Nondestructive  Testing  Hand¬ 
book,"  Vol.  2,  N.Y.  ,  1^5 "h 
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EIjECTROLYTIC  MAGNESIUM  is  magnesium  produced  by  electrolysis  from 
molten  chloride  salts.  Raw  electrolytic  magnesium  is  contaminated  with 
various  impurities,  including  chloride  salts  in  the  amount  of  2-Z% • 
Along  with  the  chloride  compounds,  in  raw  magnesium  there  are  encount¬ 
ered  magnesium  oxide  (MgO),  nitride  (Mg^N^.)  and  carbide  ( MgC ^ ) .  The 
metallic  impurities  include  Ka,  Na,  Ca,  Fe,  Si,  Al,  Cu,  Ni,  Mn.  Ravi 
electrolytic  magnesium  is  subjected  to  purification  -  refining  of  the 
chloride  inclusions  and  metallic  impurities.  As  a  result  there  is  ob¬ 
tained  technical  magnesium  corresponding  in  chemical  composition  to  the 
All-Union  standard  (see  Technical  Magnesium). 

A. A.  Lebedev 
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ELECTRONIC  GLASS  -  glass  and  glass  semifinished  products  used  in 
the  manufacture  and  assembly  of  electronic,  radio,  and  vacuum-tube  de¬ 
vices  and  instruments.  Glasses  of  this  type  are  arbitrarily  divided  in¬ 
to  vacuum-tube  glasses  and  Insulator  glasses.  Vacuum-tube  glasses 
should  have  elevated  electrophysical  characteristics  and  function  re¬ 
liably  for  extended  periods  under  high  vacuum;  the  coefficients  of 
thermal  expansion  of  the  glass  and  the  metal  fused  into  it  should 
correspond  precisely.  When  such  correspondence  is  not  obtained  internal 
stresses  generally  develop  where  the  glass  is  fused  with  the  metal, 
leading  to  destruction  of  individual  elements  and  units  of  the  device. 
TABLE  1 

Characteristics  of  Soviet  Vacuum  Glasses 
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Note :  The  figures  In  parentheses  were  obtained  by  calculation. 

#tfK- 100  is  the  temperature  at  which  the  deep  resistance  of  the  glass 
equals  10°  ohm* cm. 

1)  Type  of  glass;  2]  old:  3)  new;  4)  density  (g/cm3);  5)  modulus  of 
elasticity  E  (kg/mm2);  6)  ultimate  strength  (kg/mm^);  7)  on  extension; 
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8)  on  compression;  9)  thermal  conductivity  X  (cal/cm*scc •  °C)  over  the 
temperature  range  20-100°;  10)  coefficient  of  linear  expansion  a* 10' 
(l/°C)  over  the  temperature  range  20-200°:  11)  softening  initiation 
temperature  (°C);  12)  heat  resistance  (°c);  13)  annealing-temperature 
range;  14)  minimum;  15)  maximum;  16)  tg  6*10^  at  20°  and  6  me;  17 )  di¬ 
electric  permeability  e;  18)  metal  fused  with  glass;  19)  chemically 
stable  hydrolytic  flask;  20)  P-15;  21)  3S-9;  22}  3S-11;  23)  3S-8;  24) 
3S-5K;  25)  3S-5;  26)  3S-4  (No.  12);  27)  ED-1;  28)  S;  29)  tungsten;  30) 
the  same;  31)  molybdenum,  kovar;  32)  platinum,  platlnite. 


TABLE  2 

Characteristics  of  Insulator  Glasses  Used  for  Glass  Insulators 
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Note :  l)  Annealed  glass;  2)  quenched  glass.  The  figures  in  parentheses 
were  obtained  by  calculation. 

1)  Type  of  glass;  2)  density  (g/errr);  3)  modulus  of  elasticity  (kg/mm41); 
4)  tangent  of  angle  of  dielectric  loss  at;  5)  mean  breakdown  strength 
(kv/mmj;  6)  specific  resistance;  7)  deep  resistance  at  20°  (ohm -cm] ;  8) 
skin  resistance  at  65#  relative  humidity  (ohms);  9)  ultimate  bending 
strength  (kg/cm2);  10)  microhardness  (kg/mm2);  11)  softening  initiation 
temperature  (°C);  12)  coefficient  of  thermal  conductivity  (kcal/m^hr* °C) 
over  the  temperature  range  700-350°;  13)  heat  capacity  (kcal/kg*°C) 
over  the  temperature  range  25-360°;  14]  glass  produced  by  plant  imeni 
Dzerzhinskly ;  15)  glass  produced  by  L'vov  Plant  No.  1;  16)  low-alkali 
No.  13-v  (GIS);  17)  barium-borosilicate  No.  24;  18)  the  same,  No.  19. 


Vacuum  glasses  should  also  have  good  adhesive  characteristics  with  res¬ 
pect  to  metal,  since  reliable  fusion  of  glass  and  metal  can  be  obtained 
only  if  the  former  thoroughly  wets  the  surface  of  the  latter.  In  order 
to  Improve  the  adhesion  of  glass  to  metal  its  surface  tension  must  be 
reduced  by  adding  small  quantities  of  AS2O2,  VgO^,  etc.  A  device 

fabricated  from  vacuum  glass  can  function  reliably  for  extended  periods 
only  if  a  vacuum  of  lCf^-lCf^  mm  Hg  is  maintained  in  its  cavity.  In 
this  connection  vacuum  gases  should  exhibit  as  little  evolution  of  gas 
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TABLE  3 

Certain  Characteristics  of 
Foreign  Vacuum  Glasses 
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Note :  The  figures  in  paren- 
theses  were  obtained  by  cal¬ 
culation. 

l)  Type  of  glass;  2)  country;  3)  coefficient  of  linear  expansion  a* 10^ 

(l/°C)  at  temperatures  of  up  to  300°C;  4)  softening  initiation  tempera¬ 
ture  (°C);  5)  E;  6)  supermax;  7)  hard  borosllicate  (Vlcor);  8)  the  same 
(Pyrex);  9)  Duran;  10)  aluminosilicate  (Gundelax);  11)  soft  lead-sili¬ 
cate;  12)  Czechoslovakia;  13)  German  Democratic  Republic;  14)  USA;  15) 
England;  l6)  Poland. 

TABLE  4 

Comparison  of  Glass  and  Porcelain  Suspension  Insu¬ 
lators 
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l)  Basic  characteristics;  2)  unit  of  measurement;  3)  type  of  insulator; 
45  P-4.5;  5)  glass;  6)  porcelain;  7)  P-8.5;  8)  P-11:  9)  structural 
height;  10)  greatest  diameter;  11)  total  weight;  12)  weight  of  insulat¬ 
ing  component;  13)  weight  of  cap;  14)  minimum  electromechanical  frac- 
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tare  load;  18)  breakdown  strength;  16)  heat  resistance;  17 )  kg;  18) 
t;  19)  kv. 

as  possible.  Degasification  is  carried  out  by  heating  and  simultaneous 
evacuation  of  gases  from  the  cavity  of  the  device.  Among  the  most  im¬ 
portant  drawbacks  of  vacuum  glasses  are  their  tendency  toward  electroly- 
sys,  a  process  during  which  the  layer  directly  adjacent  to  the  cathode 
is  enriched  with  alkali  metal  and  a  layer  with  an  elevated  silica  con¬ 
tent  develops  near  the  anode.  As  a  result,  the  glass  loses  its  homo¬ 
geneity  and  the  coefficient  of  thermal  expansion  in  the  region  bounding 
the  metal  is  altered.  One  layer  of  the  glass  becomes  less  conductive 
and  the  others  more  conductive,  which  often  leads  to  rupture  of  the  en¬ 
velope.  Gases  are  liberated  during  electrolysis  and  these  reduce  the 
vacuum  in  the  device.  This  tendency  toward  electrolysis  can  be  reduced 
by  employing  glass  with  a  high  specific  resistance,  by  Increasing  the 
distance  between  the  fused  joints  in  the  device,  or  by  using  heat- 
shielding  screens  and  artificial  cooling.  Table  1  shows  the  characteris¬ 
tics  of  Soviet  vacuum  glasses. 

Table  2  shows  the  characteristics  of  electrical-insulating  glasses 
used  in  the  manufacture  of  glass  insulators. 

Insulator  glasses  are  distinguished  by  reliable  electrical-insula¬ 
ting,  themuphysical,  and  mechanical  characteristics  and  high  specific 
resistance.  Alkali-free,  aluminosilicate,  and  borosilicate  glasses  have 
such  properties.  Despite  their  high  electrophysical  Indices,  borosili¬ 
cate  glasses  are  not  widely  employed,  since  they  contain  the  scarce 
compound  and  are  consequently  expensive.  Low-alkali  aluminosili¬ 

cate  insulator  glasses,  particula  rly  No.  13-v  in  the  USSR,  are  the  most 
widely  employed.  This  glass  is  used  in  the  manufacture  of  insulators 
for  high-voltage  transmission  lines.  High-voltage  Insulators  can  also 
be  fabricated  from  ordinary  alkali  silicate  glasses,  but  these  are 
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suitable  only  for  Indoor  Installations,  where  -hey  are  not  exposed  to 
humid  air  and  sharp  temperature  fluctuations.  Glass  insulators  are 
quenched  to  increase  their  mechanical  and  thermal  stability,  but  this 
raises  their  conductivity.  Glass  insulators  have  a  number  of  advantages 
over  porcelain  insulators.  Thus,  for  example,  glass  Insulators  of  type 
PS-4.5  are  approximately  4G#  lighter  than  porcelain  insulators  of  type 
P-4.5,  which  permits  a  reduction  of  25#  in  insulator  height  and  a  sub¬ 
stantial  decrease  in  transmission-line  height.  Insulators  of  No.  13- v 
glass  have  more  favorable  electrophysical  characteristics  and  a  higher 
mechanical  strength.  Insulator  glasses  are  used  in  the  manufacture  of 
TS-2  and  TS-3  telegraph  insulators  and  high-voltage  electrical  insula¬ 
tors  (ShS-6  and  ShS-10  shaft  insulators,  OB-6  and  0A-10  bracket  insu¬ 
lators,  and  PS-4.5,  PS-8.5,  PS-11,  and  PS-16  suspension  insulators). 
Table  3  chows  certain  of  the  characteristics  of  foreign  vacuum  glasses. 

A  comparison  of  the  characteristics  of  glass  and  porcelain  suspen¬ 
sion  insulators  is  made  in  Table  4. 


G. G.  Sentyurin 
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ELECTRONIC  GLASS  TEXTOLITE  —  laminated  sheet  materials  manufac¬ 
tured  by  pressing  layered  glass  electrical-insulating  cloth  impregnated 
with  polymer  binders.  The  glass  insulating  cloth  is  produced  from  al¬ 
kali-free  glass  fiber,  (with  an  alkali  content  of  less  than  0.7 $).  The 
initial  glass  cloth  is  often  subjected  to  special  thermochemical  pro¬ 
cessing  in  order  to  increase  the  insulating  characteristics  of  the 
glass  textollte.  Phenol-formaldehyde,  melamine,  epoxy,  and  sllicoorgan- 
ic  resins  and  polytetrafluorethylene  are  used  as  binders.  Glass  texto- 
lites  with  good  insulating  characteristics  contain  40-45$  resin.  These 
materials  can  function  for  prolonged  periods  (10  years)  at  130-130°, 
limited  periods  (200  hr)  at  180-200°,  and  brief  periods  at  250°,  de¬ 
pending  on  the  type  of  binder  (polyamide,  polycarbonate,  etc.). 

In  manufacturing  electronic  glass  textollte  the  glass  cloth  is 
ir.pregnateo  with  a  resin  solution,  dried,  and  cut  into  sheets;  a  defi¬ 
nite  number  of  layers  of  glass  cloth  is  assembled  into  a  packet  and 

o 

pressed  under  a  pressure  of  25-150  kg/cm  .  These  materials  are  subject¬ 
ed  to  heat  treatment  in  certain  cases.  Electronic  glass  textolites 
based  on  phenol-formaldehyde  resins  have  a  working  temperature  of  130- 
1‘ .1°  and  are  employed  at  comparatively  low  voltages  when  a  higher  nech- 
uni’nl  strer. -th  than  that  of  getinaks  or  textollte  is  required.  Type 
3TIJ  glass  textollte  is  produced  from  glass  cloth  with  a  structure  that 
rnr.vrts  a  material  with  virtually  the  same  cracking  resistance  as  get- 
lmks.  Type  SVFE-2  glass  textollte,  which  Is  based  on  a  phenol-formal- 
d< hydc  resin  modified  with  tetraethoxysi lane  has  a  higher  heat  resis¬ 
tance.  Electronic  glass  textolites  based  or.  melamine  resins  are  lntend- 

13Un 


111-13081 


Characteristics  of  Electronic  Glass  Textolite  (ac 
tual  data) 
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1)  Characteristic;  2)  type  of  resin  (binder);  3)  phenol-formaldehyde; 

4)  melamine;  5)  epoxy-phenolic;  6)  sillcoorganic;  7)  polytetrafluoreth- 
ylene;  8)  type  of  glass  textolite;  9)  ST;  10)  STU;  ll)  undeslgnated : 

12)  STEP;  13J  SKM-1;  14)  STK-41;  15)  ultimate  strength  (kg/cm”);  16) 
on  extension;  17)  on  bending;  18)  impact  strength  (kg-cm/cm2);  19)  deep 
electrical  resistance  (ohm.cm);  20)  tangent  of  angle  of  dielectric  loss 
at  10°  cps;  21)  breakdown  strength  perpendicular  to  layers  (kv/fom); 

22)  Martens  thermostability  (°C;;  23)  water  absorption  over  24  hr  ($6). 


ed  for  operation  at  I500  and  are  used  in  cases  where  arc  resistance  and 
a  refractory  character  are  required  (e.g. ,  in  the  manufacture  of  spark- 
extinction  sheaths).  They  have  a  higher  water  resistance  than  textolltes 
based  on  phenol-formaldehyde  reBins.  Electronic  glass  textolltea  baaed 
on  sillcoorganic  resins  are  employed  for  prolonged  operation  at  tempera¬ 
tures  of  up  to  l80°.  They  are  characterized  by  increased  water  resis¬ 
tance  and  low  dielectric  losses.  The  tangent  of  the  angle  of  dielectric 
loss  and  the  dielectric  permeability  of  these  materials  vary  little 
over  a  wide  frequency  range  or  at  elevated  temperatures.  The  principal 
drawback  of  electronic  glass  textolltes  based  on  sillcoorganic  resins 
is  their  comparatively  low  breakdown  strength,  which  is  further  reduced 

1 3^*7 
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by  heating.  Glass  textolites  based  on  polymothylsiloxanc  resins  have  a 
high  spark  and  arc  resistance;  textolites  based  on  polytelrafluorethy- 
leno  have  low  dielectric  losses.  Glass  textolites  based  on  s Lllooorganic 
resins  are  employed  in  electric  motors,  stack  transformers,  containers, 
and  marine  and  aviation  Instruments.  Electronic  glass  textolites  based 
on  slllcoorganic  and  epoxy  resins  and  coated  with  ci  pper  foil  are  used 
as  printed-circuit  bases.  Most  electrical-insulating  components  manu¬ 
factured  from  glass  textolites  are  produced  by  machining  and  only  a 
small  number  of  comparatively  large  glass-plastic  components  based  on 
polyester  and  epoxy  resins  are  produced  by  forming. 


B. A.  Kiselev 


ELECTRON-OPTICAL  X-RAY  CONVERTER  —  is  vacuum  device  used  to  con 


vert  the  nonvisible  part  of  x-ray  of  gamma  ray  images  into  a  visible 
one  by  means  of  electron  conversion  and  subsequent  amplification;  this 
results  in  an  Increase  of  the  brightness  of  the  initial  visible  image 
by  1000  or  more  times.  The  electron-optical  x-ray  converter  is  used  in 
flaw  detection  by  means  of  x-  or  gamma-rays  (visual  method).  The  x-ray 
beam  or  gamma-ray  beam,  collimated  by  a  lead  diaphragm,  passes  the  ob¬ 
ject  to  be  tested  and  falls  on  to  the  fluorescent  screen  of  the  elec¬ 
tron-optical  x-ray  converter,  causing  the  luminescence  of  the  screen. 
The  light  image  causes  the  emission  of  electrons  in  the  photocathode 
of  the  electron-optical  x-ray  converter;  this  cathode  being  immediately 
contacted  with  the  screen,  and  the  light  image  being  in  this  way  con¬ 
verted  into  an  electron  image.  The  electron  beam  is  accelerated  by  the 
applied  voltage  (about  20-25  kv)  and  is  focused  by  means  of  an  elec¬ 
trode  system  on  the  second  screen,  the  output  fluorescing  screen  having 
a  considerably  smaller  area  (50-100  times).  In  comparison  to  the  ini¬ 
tial  image,  the  brightness  of  the  image  caused  by  the  electron  bombard¬ 
ment  is  increased  on  the  output  screen  as  well  as  by  the  increase  of 
the  kinetic  energy  of  the  electrons  in  the  accelerating  field,  as  by 
the  concentration  of  the  electron  beam  on  a  smaller  area.  The  image  on 
the  output  screen  is  examined  by  means  of  a  trihedral  prism  and  a  mag¬ 
nifying  optical  device  which  allow  the  checked  object  to  be  inspected 
in  the  full  or  magnified  size.  The  control  results  may  be  recorded  pho¬ 
tographically. 


L.  K  Tatochenko 


ELECTROSTATIC  METHOD  OF  FLAW  DETECTION  -  is  a  complex  of  methods 
based  on  the  utilization  of  various  electrostatic  phenomena.  The  elec¬ 
trostatic  powder  method  is  one  of  the  principal  methods  used  to  detect 
surface  cracks  or  other  dicontinuities  in  objects  of  nonelectric  con¬ 
ducting  materials  (porcelain,  glass,  ceramics,  plastics,  etc.). 

The  previously  degreased  surface  of  the  objects  to  be  checked  is 
covered  by  an  inogenic  fluid  (for  example,  by  a  0.?cj-0.5f.  aqueous  solu¬ 
tion  of  the  "wetting  agents"  SV-1C 97  or  SV-1019),  then,  electrified 
dust  (chalk  powder)  is  sprinkled  on  the  surface.  The  loaded  powder  par¬ 
ticles  interact  with  the  ions  of  the  fluid,  which  has  penetrated  Into 
the  hollow  of  the  flaw,  and  accumulate  on  its  edges,  which  fact  allows 
the  flaw  to  be  detected.  Wetting  with  an  lonogenic  fluid  is  not  neces¬ 
sary  when  the  checked  object  section  has  a  metallic  base  layer.  The 
accumulation  of  the  powder  above  the  flaw  is  caused  in  this  case  by  the 
stronger  interaction  of  the  leaded  particles  with,  the  metallic  base  on 
the  discontinuities .  An  atomizer  with  an  ebonite  nozzle  is  used  to 
spray  and  electrify  the  dust.  The  powder  particles  become  electrified 
by  friction  on  the  nozzle  walls. 

X-ray  flaw  detection  by  means  of  xerograt hie  image  recorders  in 
one  cf  the  methods  of  electrostatic  flaw  detection.  Metal  plates  cover 
ed  with  a  thin  photoconductor  layer  (selenium,  for  example;  the  plate 
is  termed  xerographic  plate)  are  used  in  thi  *  case  instead  of  an  x-ray 
film  (  ee  Xerographic  x-ray  and  gamma-ray  flaw  detection).  Before  expo¬ 
sition,  the  rhcteconductcr  layer  is  uniformly  loaded  in,  a  direction 
normal  to  V e  plate  surface.  The  conductivity  of  ~he  material  in  the 
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layer  Increases  under  the  action  of  the  x-rays,  and  the  discharge  pro¬ 
cess  Is  accelerated.  The  higher  the  intensity  of  the  x-ray  irradiation, 
the  higher  the  discharge  rate.  Therefore,  an  "electric  image"  of  the 
checked  object  is  formed  on  the  xerographic  plate  during  the  transillu¬ 
mination,  and  the  thin  section  on  the  object  (including  discontinui¬ 
ties)  correspond  to  the  more  discharged  parts  on  the  plate.  The  devel¬ 
opment  of  the  electric  image  is  carried  out  by  spraying  electrified 
dust  on  the  plate;  the  particles  of  the  dust  accumulate  more  intensely 
on  the  sections  wMch  have  maintained  a  higher  load.  The  trlboelectrlc 
method  of  flaw  detection  used  in  the  sorting  of  objects  and  semifin¬ 
ished  products  belongs  also  to  the  electrostatic  m  thods  of  flaw  detec¬ 
tion. 

References:  Kornlshln,  K. I. ,  "Zavodskaya  laboratorlya,"  1963,  Vol. 
29,  No.  1;  the  same,  Kserograficheskiy  metod  polucheniya  izobrazhenlj 
pri  rentgenovskoy  defektoskopli  [Xerographic  Method  of  Production  of 
Images  in  the  X-Ray  Flaw  Detection],  Moscow,  1959. 

S.M.  Rozhdestvenskiy 
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ELECTROTECHNICAL  CERAMICS  —  are  ceramic  materials  destined  for 
electrical  insulation  in  low-  and  high-voltage  circuits  for  currents 

TABLE 

Basic  Properties  of  Electro¬ 
technical  Porcelain 
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1)  Characteristics;  2)  porcelain;  3)  low- voltage;  4)  high-voltage;  5) 
weight  by  volume  (g/cm3);  6)  ultimate  strength  (kg/cm2);  7)  at  compres¬ 
sion;  8)  at  stretching;  9)  at  static  bending  (glased  gpecimen);  10)  at 
dynamic  bending;  11)  modulus  of  elasticity  (kg/mm2* 10°);  12)  coefficient 
of  linear  expansion  (20-200°),  a* 10"°;  13)  heat  conductivity  (kcal/m* 
•hr*°C);  14)  specific  volume  resistance  (20°)  (ohm* cm);  15)  specific 
surface  resistance  (ohm);  l6)  dielectric  constant  at  50  cps;  17)  tan¬ 
gent  of  the  loss  angle  at  50  cps;  18)  electric  strength  at  50  cps 
(kv/mm). 

with  commercial  frequency  (50  cps;.  Porcelain  and  its  varieties  are  the 
main  material  for  electrotechnical  ceramics.  They  are  subdivided  into 
low-voltage  and  high-voltage  ceramics.  The  former  are  used  at  voltages 
up  to  500  v  and  are  termed  installation  ceramics.  High-voltage  ceramics 
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are  destined  for  currents  from  1  to  500  kv.  According  to  the  purpose, 
the  ceramics  are  subdivided  into  insulators:  insulators  for  leads  (sus¬ 
pension  and  bracket  insulators);  for  stations  (supporting,  suspended 
bracket,  and  bushing  insulators);  and  apparatus  Insulators  (supporting, 
supporting-backet,  bushing  and  lead-in  insulators). 

Tbe  industry  produces  a  large  number  of  insulators  of  diverse 
types  and  sizes.  The  requirements  of  the  electric  porcelain  depend  on 
the  type  of  the  insulator  and  of  its  working  conditions,  according  to 
GOST  2366-49,  6256-52,  8608-57,  etc.  The  Table  on  page  376  gives  the 
main  properties  of  electrotechnical  porcelain. 

V.  L.  Balkevich 
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ELEKTRON  —  is  an  obsolete  term  for  magnesium-based  alloys  (see 
Magnesium-alloys ) . 

The  firm  I.G.  Farbenindustrie  has  manufactured  the  magnesium  alloy 
grades  AM503,  AZ-31,  AZG,  A9V,  etc.,  under  the  name  Elektron;  these 
alloys  corresponding  almost  to  the  Soviet  alloys  ML2,  ML4,  and  ML5- 


A. A.  Lebedev 


ELEKTRONIT  (TU  MKhP  3485-58)  -  is  an  electric  insulating  material 
used  as  an  insulation  in  electric  machines  and  apparatuses  working  at 
voltages  of  up  to  600  v.  It  is  obtainable  in  sheets  with  a  300  x  400- 
1500  x  1200  mm  dimension,  and  0. 2-3.0  mm  thickness.  The  specific  gravi¬ 
ty  is  1.5-1. 8.  The  electric  strength  is  not  less  than  7  kv/mmj  the  wa¬ 
ter  absorption  within  24  hours  is  not  higher  than  7 %  of  weight;  the 
calcination  loss  (at  100°)  is  not  higher  than  32#;  the  tensile  strength 
of  an  1  mm  thick  elektronite  is  not  less  than  1.4  kg/cm  along  the 
sheet.  Elektronite  is  plastic,  it  is  easily  stampable  and  doesnot  de¬ 
form  during  long-time  storage,  it  does  not  change  its  properties  under 
mechanical  effects.  Elektronite  is  composed  of  asbestos  fiber  and  syn¬ 
thetic  rubber  and  is  a  heatproof  material  which  is  suitable  to  insul¬ 
ate  electric  equipment  of  the  classes  B  and  BC.  Elektronite resists  bac¬ 
teria  and  molds  and  is  efficiently  used  in  electric  equipment  being 
used  in  the  tropics  Elektronite  is  used  as  a  substitute  in  electric 
insulating  materials  of  mica,  varnish  and  glass  fabrics;  and  it  is 
used  in  the  manufacture  of  insulating  terminal  plates  of  the  stator 
and  rotor  cores  of  asynchronous  electric  engines  working  under  normal, 
sea  and  tropical  conditions  with  an  insulation  of  the  classes  A,  AB, 
and  C  and  for  interphase  packings  in  the  end  winding,  etc.  The  use  of 
elektronite  in  the  motor-starting  devices  of  cranes,  in  the  insulation 
of  the  tightening  dowels  and  as  a  high-quality  interlayer  between  the 
elements,  where  micanlte  was  used  previously,  has  proved  to  be  of  a 
high  economical  and  technical  efficiency. 


N.T.  Dodonov 
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ELEKTRONIT  COMPOSITION  (Asbodln)  (TU  MKhP  4109-53)  -  is  a  material 
composed  of  chrysotll  asbestos  fibers  and  active  fillers  bonded  by  syn¬ 
thetic  resin.  It  is  widely  used  for  the  hot  molding  of  parts  of  elec¬ 
tric  machines  and  apparatuses  working  under  normal,  sea  and  tropical 
conditions.  The  solvent  content  (gasoline)  is  not  higher  than  1%.  The 
calcination  loss  is  not  more  than  3 2 %  at  700-800°.  Elektronit  composi¬ 
tion  objects  have  a  high  mechanical  strength,  heatproofness  and  suffi¬ 
cient  dielectric  characteristics;  they  are  moisture-proof  and  resist¬ 
ant  to  mold;  they  may  substitute  parts  made  of  vulcanized  fiber,  glass - 
textolite,  plastics  with  organosilicon  binder  and  other  electric  insu¬ 
lating  materials.  The  main  characteristics  of  objects  made  of  elektro¬ 
nit  composition  are  as  follows:  specific  gravity  1. 9-2.0;  specific 

o 

impact  resistance  not  less  than  10  kg« cm/cm  ;  static  bending  strength 
not  less  than  600  kg/cm  ;  water  adsorption  not  more  than  0.5$;  heat¬ 
proofness  according  to  Martens  not  less  than  200°;  arc-proofness  at  a 
10  mamp  current  not  shorter  than  60  sec;  electric  strength  not  less 
than  6  kv/mm;  specific  surface  resistance  being  10  ohm. 

N. Dodonov 
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ELINVAR  -  is  an  alloy  with  a  temperature  coefficient  of  the  modu¬ 
lus  of  elasticity  close  to  zero  (up  to  the  Curie  point).  The  tempera¬ 
ture  coefficient  of  the  mudulus  of  elasticity  is  expressed  by  the  equa¬ 
tion  y  =  l/E»dE/dt,  where  E  is  the  modulus  uf  elasticity,  and  t  is  the 
temperature.  Elinvar  is  used  in  the  production  of  tuning  forks,  springs, 
hair  springs  for  watches,  and  other  pieces  which  must  have  resilient 
properties  not  depending  on  the  temperature.  The  chemical  composition 
of  foreign  alloys  of  the  elin\  ir  type  is  quoted  in  the  Table.  With  re¬ 
gard  to  the  type  of  alloying,  the  elinvar  is  divided  as  follows  into: 
carbide-containing  eliivar  with  the  addition  of  carbon  (up  to  1 %)  and 
carbide  forming  elements  (W,  Mo,  and  others)  in  order  to  increase  the 
hardness;  and  dispersion-hardening  elinvar  with  lntermetallide  harden¬ 
ers,  such  as  additions  of  Be,  Ti,  and  A1  (the  intermetallic  compounds 
NIBe,  Ni^Ti,  and  Ni^Al  acting  as  hardeners).  From  the  alloys  of  the  el¬ 
invar  type,  quoted  in  the  Table,  the  first  three  belong  to  the  carbide- 
containing  ones,  the  others  are  dispersion-hardening  alloys.  The  car¬ 
bide-containing  elinvar  obtains  a  high  hardness  only  after  hammer  hard¬ 
ening  (shrinkage  by  90%  and  more)  and  following  annealing,  a  fact  which 
encumbers  the  production  of  complexly  shaped  pieces.  A  disadvantage  of 
the  dispersion-hardening  elinvar  is  the  strong  effect  of  the  annealing 
temperature  on  the  temperature  coefficient  of  the  elasticity  modulus. 

The  Soviet  industry  produces  the  dispersion-hardening  elinvar 
grades  N4lKhT  and  N^3KhT,  and  the  carbide-containin  elinvar  grades 
N35KhMV,  N3^KhGV  (El  574)  and  N35KhV  (El  278).  The  alloy  N35KNCV  pos¬ 
sesses  the  best  properties,  providing  a  temperature  fault  of  a  ’’hairs 
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balance”  pair  of  not  more  than  0.5  sec  per  degree  and  day. 

Chemical  Composition  of  Alloys  of  the  Elinvar  Type 
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Mo  •— * 

1)  Alloy;  2)  percentage  of  elements;  3 )  other  elements;  4)  Elinvar;  5) 
Metelinvar;  6)  Isoelastic;  7)  Nispen;  o)  Durinval;  9)  Nivarox;  10)  Con- 
traacid;  11)  the  rest. 

References ;  Livshits,  B.G. ,  Fizicheskiye  svoyctva  metallov  i  spla- 
vov  [Physical  Properties  of  Metals  and  Alloys],  Moscow,  1959;  Pretsi- 
zionnyye  splavy  [Precision  Alloys],  Moscow,  1956-59  (Sbornik  trudov 
TsNIIChM  [Collection  of  Transaction  of  the  Central  Scientific  Research 
Institute  of  the  Ferrous  Metallurgy],  Nos.  15,  22);  Smolyarenko,  D.A. 
and  Kaplan,  A.S.,  "Standardizatslya”  [Standardization],  1959,  No.  3, 
page  13. 

B.G.  Livshits  and  A. A.  Yudin 
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ELOXATION  OP  ALUMINUM  ALLOYS  -  is  the  electrochemical  oxidation 
of  aluminum  alloys  in  order  to  obtain  opague  enamel-like  films  of  a 
milky  color.  The  decorative  properties  of  the  films  are  achieved  by  in¬ 
troduction  of  the  hydroxides  of  titanium,  throium  or  zironcium,  formed 
by  the  hydrolysis  of  their  salts,  into  the  anodic  film  during  anodiza¬ 
tion.  The  coatings  possess  a  high  resistance  to  corrosion  and  wear,  a 
high  dielectricity  constant,  and  they  are  nontoxic.  The  thickness  of 
the  obtained  filsm  is  12-18  microns.  The  coatings  may  be  colored  by  or¬ 
ganic  dyestuffs. 

The  series  of  alloys  which  are  capable  of  being  eloxated  Includes 
deformed  AD-1  alloys,  plated  Dl6  Duralumin,  AV,  AMg,  and  other  low-al¬ 
loys  containing  magnesium,  manganese  and  silicon.  A  dark  grayish-brown 
or  black  film  as  formed  respectively  on  alloys  of  the  Duralumin  and 
Silumin  type. 

The  preparation  of  the  surface  is  carried  out  in  the  same  way  as 
in  the  case  of  anodiring. 

The  composition  of  the  electrolytes  and  the  working  conditions  of 
the  eloxation  are  quoted  in  the  Table. 

One  of  the  electrolytes,  which  is  used  in  industry,  contains  oxa¬ 
lic,  boric,  and  citric  acids,  and  titanium-potassium  oxalate.  The  elec¬ 
trolyte  is  prepared  from  distilled  or  softened  water.  The  citric  acid 
makes  the  film  tight.  The  boric  acid  Is  a  buffer  admixture.  Aluminum 
or  carbon  cathodes  covered  with  glass  fabric  are  used.  The  bath  for 
the  eloxation  of  aluminum  alloys  is  made  of  viniplast,  enameled  iron, 
or  stainless  lKhl8N9T  steel. 
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Composition  of  Electrolytes  and  Characteristics  of  the 
Eloxatlon  of  Aluminum  Alloys 
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♦Crystallizes  with  two  water  molecules. 

♦♦The  process  is  carried  out  until  th^  Initial  cur¬ 
rent  density  (6  amp/dm2)  drops  to  the  half  (at  con¬ 
stant  voltage). 

♦♦♦The  same,  at  an  Initial  current  density  of  3-5 
amp/dm2. 

♦♦♦♦The  voltage  rises  during  the  first  10  minutes 
from  60  to  100  v,  after  which  the  current  density 
(3  amp/dm2)  begins  slowly  to  drop. 

1)  Electrolyte  components  and  treatment  characteristics;  2)  number  of 
processes;  3)  potassium  and  titanium  dioxalate*;  k)  potassium  and  ti¬ 
tanium  disulfate*;  5)  sodium  and  zirconium  dioxalate*;  6)  ammonium  and 
thorium  dioxalate*;  7)  zirconium  sulfate  (on  conversion  to  ZrOp);  8) 
zirconium  oxalate  (on  conversion  to  Zr02);  9)  acid;  10)  citricf  11) 
phosphoric;  12)  boric;  13)  oxalic;  14)  sulfuric;  15)  acetic;  lo)  potas¬ 
sium  oxalate;  17)  crystalline  borax;  18)  glucose;  19)  glycerol;  20) 
dextrin;  21)  anodic  current  density  (amp/dm2);  22)  voltage  (v);  23) 
temperature  (WC);  28)  time  cf  the  treatment  (min);  25)  quantity  of 
electricity  (amp«hr/dm2) ;  26)  current;  27)  a-c;  2o)  d-c. 


Fig.  1.  Change  of  the  current  density  and  the  voltage  during  the  eloxa¬ 
tlon  process;  1)  Current  density;  2)  voltage.  A)  yoltage,  v;  B)  period 
of  anodizing,  minutes;  C)  current  density,  amp/dm^. 
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Pig.  2.  Voltage  and  current  density  as  a  function  of  the  eloxation  per¬ 
iod  of  the  V95  alloy:  1)  Current  density;  2)  voltage.  A)  Voltage,  v; 

B)  period  of  eloxation,  minutes;  C)  current  density,  amp/dm2. 


Pig.  3.  Growth  of  the  anodic  film  In  a  ^  titanium- potassium  oxalate 
solution  acidified  by  oxalic  acid,  as  a  function  of  the  pH  and  the 
temperature  of  the  electrolyte  The  current  density  is  2  amp/dm2;  the 
anodizing  period  is  40  min,  at  d-c  with  a  voltage  of  up  to  120  v. 


During  the  eloxation  of  aluminum  alloys,  the  electrolyte  is  stir¬ 
red  by  means  of  comoressed  air.  The  control  of  the  process  is  carried 
out  by  controlling  the  voltage.  The  current  density  is  equal  to  3  amp/ 
/dm  at  an  inital  voltage  of  80  v.  Then  the  voltage  is  increased  with¬ 
in  5-10  minutes  to  120  v  and  is  kept  constant  until  the  end  of  the 
process  (Fig.  1).  The  current  density  drops  gradually  luring  this  time. 
In  the  case  of  alloys  with  a  high  content  of  zinc,  copper,  and  also 
magnesium,  the  current  density  drops  to  the  half  of  the  initial  value 
(Fig.  2)  or  it  remains  constant.  The  eloxation  of  aluminum  alloys 
lasts  30-40  minutes.  During  the  first  J.Q  minutes  of  the  eloxation,  the 
thickness  of  the  film  grows  rather  quickly,  then  the  growth  of  the  film 
is  decelerated,  and  after  50  minutes  eloxation,  it  is  almost  stopped. 
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The  thickness  of  the  anodic  film  depends  considerably  on  the  pH  and  the 

temperature  of  the  electrolyte  (Pig.  3)*  At  a  reduced  temperature  of 

the  electrolyte,  the  milky-gray  color  of  the  film  turns  to  dingy-green. 

2.3  g  titanium  salt,  0.5  g  oxalic  acid,  and  0.4  g  boric  acid  are  con- 

p 

Burned  for  the  eloxation  of  1  dm  aluminum  surface.  0.1  g/liter  alumin¬ 
um  is  dissolved  during  the  process.  The  maximum  permissible  aluminum 
content  of  the  electrolyte  is  30  g/liter. 

The  breakdown  voltage  of  the  film  on  specimens  kepi  at  250°  for 
three  hours,  was  within  0.30-0.70  kv  in  the  case  of  a  50  cps  alterna¬ 
ting  current. 

After  the  eloxation,  the  film  is  tightened  for  20-30  minutes  in 
distilled  water  heated  at  95-100°.  When  the  parts  are  to  be  colored  by 
adsorption,  the  tightening  then  is  carried  out  after  the  coloring. 

The  eloxation  of  aluminum  alloys  may  also  be  carried  out  in  elec¬ 
trolytes  based  on  chromium  anhydride  with  additions  of  oxalic,  boric, 
and  phosphoric  acids.  White  and  grayish-yellow  colored  films  are  formed 
when  the  anodizing  is  carried  ouv  at  a-c. 

Eloxized  objects  are  resistant  to  organic  solvents,  mineral  and 
organic  fats  and  oils,  and  also  to  foodstuffs.  The  coating  ir.  not  des- 
trcyable  by  thermal  shocks. 

Eloxation  is  carried  out  on  dlshware,  illumination  engineering 
equipment,  medical  instruments,  shop  equipment,  parts  of  coolers,  ac¬ 
cessories,  parts  of  building  constructions,  etc. 

References :  Bogoroditskaya,  V.A.,  Ematalirovaniye  alyuminiya  i 
yego  splavov  v  shchaveleklslo®  elektrollte  [Eloxation  of  Aluminum  and 
Its  Alloys  in  an  Oxalic  Electrolyte],  Leningrad,  196c  (Le.ningr.  dom 
nauch. -tekhn.  propagandy.  Ser  "Zashchytnyye  pokrytlya”  [Leningrad 
House  for  Popularization  of  Scientific  and  Engineering  Progress.  Ser¬ 
ies  "Protective  Coatings"  ,  No.  6);  Gracheva,  M.P.  and  Grinberg,  A.M. , 
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Zashchltno-dekorativnyye  plenkl  na  alyuminii  [Protective  and  Decora¬ 
tive  Films  on  Aluminum],  "Mashinostroitel’  [Mechanical  Engineer], 
1961,  No.  5;  Shreyder,  A.V. ,  Oksidirovaniye  alyuminiya  i  yego  splavov 
[Oxidation  of  Aluminum  and  Its  Alloys],  Moscow,  i960;  Vernick,  S.  and 
Pinner,  R. ,  Khimicheskaya  i  elektrollticheskaya  obrabotka  alyuminiya  i 
yego  splavov  [Chemical  and  Electrolytical  Treatment  of  Aluminum  and 
Its  Alloys],  translated  from  English,  Leningrad,  i960,  Schenk,  M. , 
Werkstoff  Aluminum  and  seine  anodische  Oxydation  [The  Material  Alumin¬ 
um  and  Its  Anodic  Oxidation],  Bern,  1948 ;  HUbner,  W.W.G.  and  Schlld- 
knecht,  A.,  Die  Praxis  der  anodischen  Oxydation  des  Aluminiums  [Prac¬ 
tice  of  the  Anodic  Oxidation  of  Aluminum],  2nd  Edition,  DUsseldorf, 
1961. 


Ye.M.  Zaretskly 


I-11I 


EMERALD  -  see  Beryl. 
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EMERY  is  a  fine-grained  mineral  of  black  and  black-green  color 
containing  a  considerable  amount  of  the  hard  mineral  corundum  which  is 
used  as  an  abrasive  material.  We  differentiate  the  following  varieties 
of  emery:  1)  chloritoid -corundum  emery  with  corundum  content  from 
slight  to  40-70$;  2)  magnetite  and  spinel-magnetite  emergy  with  corun¬ 
dum  content  to  30-40$;  3)  diasp ore -corundum  emery  with  Al^O^  content 
from  40  to  65$  and  more.  A  salient  feature  of  emery  as  an  abrasive  ma¬ 
terial  is  the  presence  of  low-melting  impurities,  in  connection  with 
which  emery  may  be  used  only  in  articles  which  do  not  require  high  tem¬ 
peratures  for  fabrication  (using  cold  bonding).  In  emery  the  most  im¬ 
portant  characteristic  of  the  abrasive  materials  —  abrasive  capability 
-  depends  primarily  on  the  corundum  content  and  is  highest  (for  the 
Soviet  raw  materials)  for  the  chloritoid  ores  of  the  Ural  deposits, 
but  is  lower  by  a  factor  of  2-3  than  for  the  high-quality  corundum  ores. 
Emery  is  used  in  flexible  discs  (felt  base)  primarily  for  grinding  non- 
critical  metallic  articles.  In  addition,  using  a  binder  made  of  Sorel 
cement,  emery  is  sometimes  used  to  fabricate  synthetic  grinding  stones, 
special  polishing  stones  for  file-making  plants,  pulping  mill  rolls 
(for  pulverizing  wood);  emery  powders  are  used  to  prepare  abrasive  pa¬ 
per  which  finds  various  application  in  industry  and  the  home.  Emery  is 
most  effective  in  working  metals  of  low  hardness  (untempered  steel, 
iron,  nonferrous  metals),  where  it  gives  a  flatter  and  smoother  sur¬ 
face  than  corundum.  Particularly  smooth  surfaces  are  obtained  with  the 
use  of  chloritoid  emery.  Primarily  coarse  powders  are  produced  —  grind¬ 
ing  powder  with  particle  diameter  of  the  main  fraction  90  microns  and 
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over  (No.  90  and  over  per  GOST  3647-59)* 

References:  Nemetallicheskiye  iskopayemyye  SSSR  (Nonmetallic  Min¬ 
erals  of  the  USSR),  collection  of  articles,  Vol.  1,  Moscow-Leningrad, 
1936;  Trebovaniya  promyshlennosti  k  kachestvu  mineral' nogo  syr'ya  (In¬ 
dustry  Requirements  on  Quality  of  Raw  Materials),  No.  37  -  Koyfman 
M.I.,  Korund  i  nazhdak  (Corundum  and  Emery),  Moscow-Leningrad,  1947; 
Abrazivnyye  instrumenty.  Katalog  —  spravochnik  (Abrasive  Tools.  Catalog 
—  Handbook),  Moscow,  1961. 
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ENAMELS  —  see  Paints. 
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ENANT  -  is  a  synthetic  heterochained  fiber,  being  the  product  of 
the  polycondensation  of  aminoeanthic  acid.  It  is  produced  in  the  USSR 
tentatively  in  the  forms  of  filament  (cord  thread  and  silk)  and  staple 
fiber.  Enant  may  also  be  obtained  in  the  form  of  monofilament  or  bris¬ 
tle.  The  chemistry  and  technology  of  the  production  of  the  Enant  poly¬ 
mer  and  fiber  was  developed  firstly  by  Soviet  scientists.  The  physico- 
mechanical  properties  are  as  follows:  1.10  specific  gravity;  2. 2-2.4$ 
moisture  content  (under  standard  conditions),  and  2. 6-2. 8#  at  20°  and 
95#  relative  moisture;  softening  point  205°;  tpl  225°;  specific  heat 
0.452  kcal/kg*°C.  The  heatproofness  and  resistance  to  thermal  aging  are 
higher  than  those  of  Capron  (the  loss  in  strength  being  15-17#  for 
Enant,  and  45-50#  for  Capron  when  kept  at  150°  for  24  hours).  Compared 
with  Capron  and  Nylon  66,  Enant  has  a  higher  light-  and  weatherproof¬ 
ness;  it  is  more  resistant  to  alkalis  and  acids  and  to  repeated  deforma- 
tons;  it  resists  microorganisms;  it  is  insoluble  in  dichloroethane,  ace¬ 
tone,  carbon  tetrachloride;  it  dissolves  in  certain  compounds  of  the 
phenol  type  and  in  concentrated  formic  acid.  The  poor  colorability  of 
the  fiber  is  the  main  disadvantage  of  Enant.  The  breaking  length  of  the 
normal  fiber  is  40-47  km  (75-79;  40-45)  (the  figures  in  parentheses 
quote  the  data  for  the  high-strength  filament  thread  and  the  staple  fi¬ 
ber,  respectively).  The  loss  in  strength  in  a  wet  state  is  1-4#  (12-18; 
10-13).  The  temporary  breaking  strength  is  44-5?  kg/mr>2  (83-87;  43-50); 
the  breaking  elongation  is  24-26#  (15-17;  50-65);  it  increases  negli¬ 
gibly  in  wet  state  up  to  25-26#  (17-18;  51-64).  The  degree  of  elastici¬ 
ty  when  elongated  by  4#  is  100#  (100;  -);  when  elongated  by  10#,  it  is 
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96-98#  (100;  -).  The  elasticity  of  a  tuft  of  staple  fiber  1  minute  af¬ 
ter  the  compressing  load  is  removed,  is  89#,  increasing  to  96#  after 
30  min.  The  resistance  to  alternating  deformations  (on  the  DP-15  device, 
110  cycles  per  min)  at  a  stress  of  5  kg/mm  lies  within  27,000  to 
40,000  bendings  for  the  normal  fiber,  and  20,000-50,000  for  the  rein¬ 
forced  fiber;  it  is  1*10^  for  staple  fiber  (on  a  "Sinus”  device)  at  a 
stress  of  10  kg/mm  .  The  wear-resistance  of  the  reinforced  fiber  is  2 
times  higher  than  that  of  the  normal  fiber.  The  shearing  modulus  on 

p  p 

twisting  is  6000-7600  kg/cm  and  4900-5250  kg/cm  ,  respectively;  the 

p 

modulus  of  elasticity  is  275-305  kg/mm  .  Enant  has  a  round  cross  sec¬ 
tion  and  a  smooth  surface,  which  cause  the  disadvantages  of  this  fiber 
inherent  to  all  polyamide  fibers  (see  Polyamide  fiber). 

Enant  may  be  used  in  the  production  of  tire  cord,  in  the  manufac¬ 
ture  of  electric  insulating  materials,  filter  fabrics,  tents,  sails, 
parachute  yarn,  washing  sacks,  fishing  tackles,  ropes,  cords,  etc.  Con¬ 
cerning  the  use  of  Enant  for  commodities,  see  Polyamide  fiber. 

References :  Preydlina,  R.Kh.  and  Karapetyan,  Sh.A. ,  Teplomeriza- 
tsiya  i  novyye  sinteticheskiye  materialy  [Heat-Polymerization  and  New 
Synthetic  Materials],  Moscow,  1959;  Natanson,  I.A.,  Fizicheskiye  i 
khimicheskiye  svoystva  novykh  sintetieheekikh  volokon  [Physical  and 
Chemical  Properties  of  the  New  Synthetic  Fibers],  Moscow,  i960;  "Tr. 
VNIIV”  [Transact ions  of  the  All-Union  Scientific  Research  Institute  of 
Synthetic  Fiber],  1938,  No.  4;  Demina,  N.V.  [et.  al.],  "Khimicheskiye 
volokna,"  i960.  No.  5,  page  40. 
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[Transliterated  Symbols] 


BHMB  =  Vsesoyuznyy  nauchno-lssledovatel"  skiy  institut  iskus- 
stvennogo  volokna  =  All-Unicn  Scientific  Research  In¬ 
stitute  of  Synthetic  Fiber 
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ENDURANCE  -  ability  of  metals  to  resist  fatigue  failure.  It  is 
evaluated  by  the  fatigue  limit  which,  in  conjunction  with  this,  1 s  also 
called  the  endurance  limit,  as  well  as  by  the  number  of  cycles  which 
are  needed  for  failure  at  the  given  stress  amplitude  which  exceeds  the 
fatigue  limit  (see  Fatigue).  Endurance  is  more  completely  characterized 
by  the  endurance  curve  (Veler's  curve,  fatigue  curve),  which  determines 
the  dependence  of  the  maximum  stress  of  the  cycle  omax  on  the  number  of 
the  reversed  stress  cycles  N  (figure);  it  is  depicted  in  the  (lg  N, 
or  _)  coordinates.  For  steels  the  endurance  curve  has  two  sections 
(curve  a).  The  left  sloping  section  characterizes  the  endurance  of  me¬ 
tal  which  is  limited  by  the  number  of  cycles  for  the  corresponding 
values  of  maximum  stresses;  the  right  rectilinear  section  parallel  to 
the  abscissa  axis  corresponds  to  stress  values  below  which  no  fatigue 
failure  is  observed.  The  transition  from  the  sloping  to  the  horizontal 
section  (break)  takes  place  at  1-3  million  cycles.  No  horizontal  sec¬ 
tion  of  the  endurance  curve  exists  if  aggressive  media  are  acting  or  if 
the  properties  of  the  material  change  in  the  process  of  specimen  test¬ 
ing.  For  aluminum,  magnesium  and  other  alloys  the  endurance  curve  has 
no  clearly  expressed  horizontal  section  (curve  b),  and  its  ordinates 
decrease  continuously  as  the  number  of  cycles  is  increased.  The  sloping 
section  of  the  endurance  curve  is  described  by  the  equation  v  o  '  v. 

where  NQ  is  the  number  of  cycles  corresponding  to  the  break  in 
the  endurance  curve,  o_^  is  the  endurance  limit  and  m  is  a  parameter. 
The  position  of  the  endurance  curve  depends  on  the  design  of  the  speci¬ 
mens,  the  state  of  their  surface,  test  conditions,  character  of  the 
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stressed  state,  etc.  A  family  of  endurance  curves  constructed  for  vari- 

r i 


Endurance  curve,  a)  For  steels;  b)  for  aluminum,  magnesium  and  other 
alloys.  1)  Max. 

ous  failure  probabilities  is  called  the  complete  fatigue  probability 
diagram  (see  Complete  Fatigue  Probability  Diagram). 

S.  V.  Seresen,  M.  N.  Stepnov 
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ENERGY  TO  FRACTURE  —  Is  the  energy  absorbed  in  the  process  of  frac¬ 
ture.  It  is  not  yet  possible  to  determine  reliably  the  specific  energy 
to  fracture  related  to  the  unit  volume  or  the  unit  area,  due  to  the 
fact  that  the  fracture  process  is  localized  nearly  to  the  apex  of  the 
forming  crack,  and  some  (or  many)  cracks  may  be  developed  at  the  same 
time.  In  Griffit’s  theory,  the  most  simple  assumptions  of  a  "surface 
energy”  are  made  in  the  case  of  a  brittle  (elastic)  fracture,  and,  as 
an  energy  of  plastic  surface  deformation,  in  the  case  of  a  plastic 
fracture.  Connections  between  the  energy  to  fracture,  related  to  the 
unit  volume  and  the  melting  energy  were  also  to  be  assumed.  The  rela¬ 
tion  of  the  energy  to  fracture  to  the  area  of  the  cross  section  in  the 
case  of  determination  of  the  impact  strength  is  very  conditional,  owing 
to  the  sharply  expressed  nonuniformity  of  the  process. 

Ya.B.  Fridman 
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EPOXY  ADHESIVE  —  is  a  compound  based  on  linear  epoxy  resins  ob¬ 
tained  by  the  condensation  of  bivalent  phenols  (mainly  of  diphenylol 
propane)  with  epochlorohydrine  or  dichlorohydrine.  Reacting  with 
catalysts  (curing  agents),  the  epoxy  resins  are  transformed  into  poly¬ 
mers  of  a  three-dimensional  structure  and  with  high  adhesive  properties. 
Epoxy  adhesives  are  used  to  Join  metals,  plastics,  porcelain,  ceramics, 
fabrics,  etc.  The  curing  process  depends  upon  the  chemical  type  of  the 
catalyst;  it  may  be  carried  out  without  heating  (in  the  presence  of 
basic  substances)  or  at  high  temperatures  (in  the  presence  of  acid  sub¬ 
stances).  Fillers  (powdered  aluminum,  quartz,  titania,  etc.)  are  added 
to  the  epoxy  adhesives;  they  have  a  faborable  effect  on  the  strength 
and  the  heat-resistance  of  the  Joints.  The  working  life  of  the  adhesive 
compounds  is  0. 5-2  hrs  with  a  basic  catalyst,  and  1-2  days  with  acid 
anhydrides. 

The  adhesives  are  delivered  in  liquid  state  and  also  in  the  form 
of  sticks  and  powders.  The  processing  is  as  follows:  the  surfaces  to  be 
Joined  are  previously  heated  to  100-120°,  then  the  powder  is  either  ap¬ 
plied  to  them  or  they  are  treated  with  the  adhesive  stick;  the  adhesive 
melts  and  spreads  readily  over  the  surfaces.  The  bonding  is  carried  out 
at  240-140°  at  a  pressure  of  0. 5-3. 0  kg/cm2  for  10  minutes  or  for  as 
long  as  7  hours.  The  best  results  are  obtained  at  200°  and  a  holding 
time  of  1  hr.  The  holding  time  under  the  press  is  24  hours  at  normal 
temperature,  when  amines  are  used  as  curing  agents.  The  holding  time  at 
higher  temperatures  depends  upon  the  degree  of  the  latter. 

Cold-curing  adhesives  (based  on  ED-5,  ED-6,  E-4o,  etc.  epoxy  re- 
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sins)  form  Joints  which,  especially  at  higher  temperatures  have  a  low 
strength;  they  are,  therefore,  used  only  limitedly  in  stressed  struc¬ 
tures.  Hot-curing  epoxy  adhesives  (based  on  maleic  anhydride)  have 
favorable  strength  characteristics  in  the  temperature  range  of  -60°  tc 

p 

+60°.  The  ultimate  strength  in  the  case  of  uniform  peel  is  450  kg/cm 

O 

for  Duralumin  at  ±60°,  and  6-10  kg/cm*-  for  Duralumin  with  foamed  plast- 

p 

ic;  it  is  15-20  kg/cm  for  Duralumin  in  the  case  of  non-uniform  peel  at 

p 

20*;  the  shearing  endurance  limit  is  30  kg/cm  at  20°  (on  the  basis  of 
5*10^  cycles).  Adhesive  Joints  of  Duralumin  withstand  a  shearing  stress 

Q 

of  100  kg/cm  for  300  hours  at  60°.  The  strength  of  the  Joints  is  re¬ 
duced  by  40-50%  at  20°  after  30  days  exposure  to  water,  and  by  15-16% 
at  60°.  The  Joints  based  on  epoxy  adhesives  resist  alternating  tempera¬ 
tures  (from  — 60  to  100*).  The  weathering  strength  of  the  joints  may  oe 
improved  by  a  varnish  and  paint  coating  of  the  butts.  Adhesives  modi¬ 
fied  by  phenol  resins  and  by  polysulfides  possess  favorable  strength 
characteristics.  The  epoxide  glues  are  toxic,  therefore,  a  fresh  air 
supply,  sufficient  circulation  and  individual  protective  measures  for 
the  workers  (gloves,  aprons,  etc.  )  are  necessary  when  working  with  them. 


D.  A.  Kardashev 
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EPOXY  RESINS  —  are  resins  based  un  compounds  which  possess  an 
epoxy  group.  Epichlorohydrin,  reacting  with  substances  containing  mo¬ 
bile  hydrogen  (phenols,  multivalent  alcohols  and  amines)  is  usually 
taken  as  the  raw  material  for  epoxy  resins.  Industrially  produced 
epoxy  resins  are  obtained  mainly  by  condensation  of  epichlorohydrin 
with  diphenylol  propane.  The  small  shrinkage  and  the  strong  adhesion 
to  metals,  glass,  wood  and  a  number  of  other  materials  are  the  advan¬ 
tages  of  the  epoxy  resins.  Epoxy  resins  do  not  separate  in  water  and 
volatiles  during  curing  and  they  are  easily  compatible  with  other  poly¬ 
mers.  The  following  combined  epoxy  resins  are  of  the  greatest  Interest: 
epoxy  phenol  resins  (with  increased  heatproofness),  epoxy  polyester  re¬ 
sins  (with  increased  heatproof ness) ,  epoxy  polyester  resins  (with  in¬ 
creased  resistance  to  impact  loads),  etc.  The  curing  is  the  most  impor¬ 
tant  stage  in  the  application  of  epoxy  resins;  amines  (polyethylene 
polyamlne,  hexamethylene  diamine),  maleic  and  phthalic  anhydride  and 
other  substances  are  used  as  curing  agents.  The  curing  by  aailnes  is 
carried  out  at  20-SC*,  by  anhydrides  at  100-200°.  The  highest  strength 
characteristics  are  obtained  by  hot  curing.  The  properties  of  the  cured 
epoxy  resins  may  be  changed  in  a  wide  range  by  the  following  addition 
of:  1)  plasticisers  and  modifiers  [polyesters,  thiokols,  aliphatic 
epoxy  resins  (see  below),  dlbutyl  phthaiate]  which  increase  the  elasti¬ 
city,  the  strength  characteristics,  and  the  frostproofness;  2)  fillers 
(ceme.ot,  sand,  quarts,  porcelain  powder,  metallic  powders,  asbestos, 
graphite,  etc.)  which  increase  the  hardness  and  heat-res  is  tar.ce  ar.d  de¬ 
crease  the  shrinkage  and  the  coefficient  of  linear  expansion.  Kigh- 
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strength  sandwich  panels  may  be  obtained  by  the  use  of  glass  fabrics 
and  glass  fiber  as  a  filler. 


TABLE  1  Classification  of  Epoxy  Resins 
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1)  Grade;  2)  content  of  epoxy  groups  (#);  3)  molecular  weight;  4)  vis¬ 
cosity  at  40®  (centipoises) ;  5)  field  of  apnlication;  6)  viscosity  at 
40°  (centipoises);  5)  field  of  application;' 5)  EB-;  7)  ED-P;  8)  ED-L; 

9)  not  less  than;  10)  solid  at  room  temperature;  11)  softens  at  40- 
60°;  12)  for  impregnation,  sealing,  as  binders  for  glass  plastics,  and 
as  cold-curing  adhesives,  for  sealing  low-scale  objects;  13)  for  manu¬ 
facture  of  mean-  and  large-scale  objects  used  in  electrical  engineering 
and  radio  engineering  industries,  as  a  binder  for  glass  plastics,  lac¬ 
quers  and  hot-curing  adhesives. 


A  classification  of  the  epoxy  resins  delivered  by  the  industry  is 
quoted  in  Table  1. 

The  properties  of  the  cured  epoxy  resins  are  as  follows:  specific 
gravity  1.19-1.23;  shrinkage  (curing  at  157°  for  5  hrs)  is  1.3-3* 5$; 
frostproofness  down  to  — 60° ;  specific  impact  strength  5-25  kg»cm/cm^; 
heat-resistance  up  to  60-110°. 

The  solubility  of  the  epoxy  resins  in  acetone,  benzene,  toluene, 
xylene,  cellosolve,  etc.,  decreases  with  the  increase  of  the  molecular 
weight. 

Epoxy  resins  are  used  in  machine  building  and  ship  building  for 
sealing  blisters,  cracks,  openings,  performations,  and  for  smoothing 
the  surfaces  of  large-scale  objects.  Dies  for  cold-pressing  of  metals 
are  made  of  epoxy  resins.  Epoxy  resins  are  used  for  sealing  and  pourable 
compounds,  as  chemically  resistant  coatings,  and  as  insulation  and 
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Impregnation  varnishes. 


The  good  electric  insulation  properties  of  the  epoxy  resins  to¬ 


gether  with  an  insignificant  shrinkage  explain  the  widespread  use  of 


epoxy  resins  as  sealing  compounds  (see  Electric  insulating  compounds). 
Epoxy  polyester  compounds  are  also  obtainable  (see  Table  2). 


TABLE  2 

Properties  of  Epoxy  Compounds  Cured  by  Amines 
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I)  Properties;  2)  K-. . . ;  3)  specific  gravity;  4)  curing  shrinkage;  5) 
heat-resistance  according  to  Martens  (°C);  6)  Brinell  hardness  (kg/mm2); 
7)  specific  impact  strength  (kg •cm/cm2);  8)  bending  strength  (fcg/cm2); 
9)  adhesion  to  steel  (kg/cm2);  10)  specific  volume  resistance  (ohm»cm); 

II)  specific  surface  resistance  (ohm);  12)  dielectric  constant;  13) 
tangent  of  the  loss  angle  at  10^  cps  and  20°;  breakdown  voltage  (kv/ 
/mm)  of  an  1  ram  thick  specimen. 


TABLE  3 

Properties  of  Compounds 
Based  on  Aliphatic  Epoxy 
Resins 
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1)  Properties;  2)  compounds;  3)  cured  by  amines;  4)  cured  by  anhydrides; 
5'  heatproofness  according  to  Martens  (°C);  6)  Brinell  hardness  (kg/ 
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/mm  );  7)-bending  strength  (kg/cm  );  8)  specific  impact  strength 
(kg*cm/cm2);  9)  specific  volume  resistance  (ohm»cm);  10)  specific  sur¬ 
face  resistance  (ohm);  11)  tangent  of  the  loss  angle  at  10  cps  and 
20°;  12)  breakdown  voltage  (kv/mm)  of  a  1  mm  thick  specimen. 

Epoxy  compounds  are  widely  used  as  pourable  compounds  and  impreg¬ 
nating  materials,  as  adhesives  and  sealings  for  electro  and  radio  en¬ 
gineering,  instrument  manufacture,  etc.  The  technology  of  the  manufac¬ 
ture  of  the  various  complex  shaped  insulation  objects  is  implified  due 
to  the  low  viscosity  of  the  epoxy  compounds.  The  laborious  processes 
are  substituted  by  a  simple  molding  process,  thereby  allowing  the  price 
of  the  object  to  be  reduced.  The  good  electric  insulation  properties 
of  these  compounds  allow  the  reduction  of  the  shape  and  the  weight  of 
the  objects  under  normal  as  well  as  under  poor  climatic  conditions. 
Aliphatic  epoxy  resins,  low-viscous  fluids  (10-15  centipoises  viscosi¬ 
ty  at  40°)  soluble  in  water,  alcohols,  and  acetone,  are  also  obtain¬ 
able  j  they  are  the  product  of  the  condensation  of  multivalent  alcohols 
with  epichlorohydrin,  and  contain  epoxy  and  hydroxy  groups:  MEG-1  and 
MEG-2  are  based  on  ethylene  glycol;  DEG-1  is  based  on  diethylene  gly¬ 
col,  and  TEG-1  is  based  on  triethylene  glycol. 

Aliphatic  epoxy  resins  are  used  as  active  diluters  and  plastici- 
cers,  and  also  as  pouring,  impregnating,  adhesive  and  sealing  compounds. 

Aliphatic  epoxy  resins  may  be  used  in  the  finishing  of  fabrics 
(for  crease-resistant  finish  and  sanforizing). 

Compounds  containing  10-50  parts  of  aliphatic  resins  per  100  parts 
of  epoxy  resins  possess  a  low  viscosity  and  are  characterized  by  a 
high  elasticity,  impact  strength  and  adhesion  to  glass,  metals  and 
plastics  in  a  cured  state.  These  compounds  may  be  cured  by  any  curing 
agents  used  for  hot-  or  cold-curing  epoxy  resins.  The  cured  compounds 
have  the  following  characteristics  (see  Table  3)* 
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Adhesives  (see  Epoxy  adhesive),  priming  colors  (see  Priming  col¬ 
ors),  Foamed  Polyepoxides,  Putties,  and  enamels  (see  Paints)  based  on 
epoxy  resins  are  manufactured. 

The  epoxy  resin  ED-6  combined  with  minearal  fillers,  curing  agent 
and  lubricant  yields  the  pressing  material  K-81-39  which  is  used  for 
pressing  heat-  and  moisture-proof  mica  capacitors  and  in  the  manufac¬ 
ture  of  insulating  radio  parts  with  a  high  mechanical  strength.  The 
properties  of  the  material  are  as  follows:  specific  gravity  not  more 
than  1.95;  specific  impact  strength  not  less  than  4.5  kg-cm/cm' ;  bend- 
ing  strength  not  less  than  650  kg/cm  ;  water  adsorption  not  more  than 

0.03$;  specific  surface  resistance  not  less  than  lO1^  ohms;  specific 

l4 

volume  resistance  not  less  than  10  ohm»cm;  electric  strength  not 
less  than  l6o  kv/mm;  tangent  of  the  loss  angle  at  10a  not  higher  than 
0.03;  shrinkage  not  more  than  0.6$.  Commutator  micaite,  a  hard  pressed 
sheet  material  of  micaite  board  or  paper,  impregnated  by  epoxy  resins, 
is  used  in  the  insulation  of  d-c  electric  machines.  The  electric 
strength  of  this  material  is  20-28  kv/mm. 

N. P.  Gashnikova 


Manu¬ 

script 

Page 

No. 

1378 

M3r  =  MEG 

1378 

nor  =  DEG 

1378 

Tor  =  TEG 

[Transliterated  Symbols] 

monoetilenglikol'  =  monoethylene  glycol 
dietilenglikol*  =  diethylene  glycol 
trietilengllkol'  =  triethylene  glycol 
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ERICCSON  TEST  —  is  a  technological  trial  used  to  form  a  spherical 
hole  in  metallic  sheets,  plates,  or  strips  in  order  to  obtain  a  quali¬ 
tative  motion  of  the  deformational  behavior  of  the  sheet  metal  under 
conditions  near  to  those  of  stamping. 

References:  Shaposhnikov,  N.A.,  Mekhanicheskiye  ispytaniya  metal- 
lov  [Mechanical  Tests  of  Metals],  2nd  Edition,  Moscow-Leningrad,  1954. 

Yu.S.  Danilov 
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EROSION  —  is  the  gradual  destruction  of  the  surface  layer  of  ob¬ 
jects  (parts)  in  a  gas  or  fluid  stream.  The  term  erosion  is  also  used 
for  a  wider  field  of  phenomena  of  surface- layer  destruction  caused  by 
various  mechanical,  thermal  and  electrical  effects. 

The  processes  on  which  are  based  such  technological  operations  as 
sandblasting,  shotblasting,  electro-erosion  machining,  and  ultransonic 
treatment,  and  also  such  phenomena  as  destruction  by  cavitation,  fric¬ 
tion  and  wear,  belong  also  to  the  erosion  Drocesses. 

Owing  to  the  evolution  of  rocket  engineering,  atomic  power  engin¬ 
eering,  the  design  of  new  electric-current  sources  and  of  electro-jet 
engines,  a  new  class  of  structural  materials  was  generated  as  follows: 
erosion-resistant  materials  working  at  high-speed  and  high-temperature 
flows  of  fluids,  gases  and  plasma.  The  erosion  process  of  these  mater¬ 
ials  consists  of  removing  successively  the  material  from  the  surface. 
Many  of  the  erosion-resistant  materials  work  under  unsteady  conditions. 
In  this  case,  the  erosion  process  is  divided  into  a  number  of  steps 
and  it  is  caused  by  a  combination  of  phenomena  which  are  different  in 
their  nature  and  which  depend  on  the  intensity  of  heat  transfer  or  on 
the  mechanical  characteristics  of  the  gas  or  fluid  flow  (velocity,  pres¬ 
sure,  density).  In  high-temperature  flows  with  a  heat  transfer  to  the 
order  of  lCr  kcal/m  *hr«°C,  the  erosion  destruction  of  ceramics  may 
begin  by  a  brittle  destruction  under  the  effect  of  the  thermal  stress, 
and  by  the  removal  of  the  products  of  the  thermal  shock  from  the  gas 
flow.  Rapid  heating  may  cause  a  layer-by-layer  or  the  total  destruction 
of  laminar  materials,  plastics  and  polymers  due  to  the  separation  of 
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gases  or  vapor.  Surface  layers  of  nonmetallic  materials  may  sublimate 
into  the  gas  or  vapor  phase.  Surface  layers  of  metal  alloys  which  are 
softened  and  go  over  into  the  liquid  state  are  removed  by  the  stream 
which  flows  round  the  object  (Ablation). 

Metal  alloys,  cermet  and  ceramic  materials  may  react  with  the 
gases  which  form  the  outer  gas  flow,  forming  oxides.  Carbides,  Nitrides, 
etc. 

Depending  on  the  properties  of  the  formed  compounds,  this  process 
may  intensify  the  removing  of  material.  The  ablation  is  increased  in 
the  case  of  Mo  and  W  carbides  because  these  have  a  lower  melting  point 
than  pure  metal.  In  the  case  of  Mo  and  W  oxides,  the  sublimation  is  ac¬ 
celerated  owing  to  the  high  vapor  tension  of  these  oxides  at  high  tem¬ 
peratures. 

A  universally  adopted  theory  of  erosion  does  not  exist  as  yet.  The 
analysis  and  calculation  of  the  erosion  process  at  unsteady  conditions 
are  encumbered  by  the  fact  that  the  Initial  and  boundary  conditions 
change  during  the  erosive  destruction.  The  counterflow  of  sublimation 
products  may  essentially  change  the  nature  of  the  boundary  layer,  the 
conditions  of  the  heat  transfer  and  the  mechanism  of  the  action  of  the 
outer  gas  flow.  The  material  properties,  especially  those  of  pc.ymers, 
change  strongly;  thermodestruction  and  coking  occur,  endothermic  ef¬ 
fects  take  place,  and  the  conductive  heat  transfer  is  increased.  Hence, 
the  resistance  to  erosion  is  determined  not  only  by  the  resistance  of 
the  material  to  the  thermal  or  mechanical  effects  of  the  outer  flow, 
but  also  by  the  manner  in  which  this  interaction  is  changed  under  the 
Influence  of  processes  taking  place  on  the  interface  between  the  bound¬ 
ary  layer  and  the  erosion-resistant  material. 

Owing  tc  the  fact  that  erosion  under  unsteady  conditions  is  a 
stepwise  process,  an  increased  resistance  to  erosion  may  be  achieved 
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by  a  directed  change 
and  using  carcasses, 
tural  elements. 


in  the  parameters  of  each  layer,  by  reinforcing 
i.e. ,  by  using  the  material  as  one  having  struc 
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ESPECIALLY  LOW-MELTING  SOLDERS  -  alloys  containing  bismuth,  tin, 
lead,  cadmium,  indium,  gallium,  and  zinc. 


Especially  Low-Melting  Solders 
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1)  Solder;  2)  chemical  composition  (#);  3)  melting 
temperature  (°C);  4)  Initiation;  5)  termination;  6) 
solder;  7)  the  same;  8)  POSV33;  9)  P0SK50. 


Eutectic  alloys  of  these  elements  are  the  most  efficient  when 
using  soldering  irons;  ? 'lders  with  a  broad  crystallization  range  are 
employed  when  using  the  abrasion  method.  The  table  shows  the  composi¬ 
tions  of  certain  eutectic  and  noneutectic  solders  with  low  melting 
points. 

Especially  low-melting  solders,  particularly  those  containing  bis¬ 
muth,  are  characterized  by  low  mechanical  characteristics,  but  provide 
electrical  conductivity,  therma)  conductivity,  and  hermetic  joints  and 
are  used  for  soldering  iron,  steel,  and  copper.  Solders  with  a  melting 
temperature  below  100°  are  used  with  fluxes  such  as  FIM,  which  Is  com¬ 
posed  of  200  cr  of  orthcpnosphoric  acid  (specific  gravity  —  1.7),  1 
liter  of  ethyl  alcohol,  and  1  liter  of  distilled  water.  Residues  of 
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this  flux  do  not  corrode  iron  or  steel,  but  should  be  removed  from  sol¬ 
dered  joints  in  copper  by  washing  in  hot  running  water.  Indium-rich 
low-melting  solders  are  used  for  making  tight  joints  in  glass  intended 
to  operate  under  vacuum  conditions  (soldering  without  flux,  by  the 
abrasion  method).  Bismuth-rich  low-melting  solders  are  characterized 
by  an  increase  in  volume  during  the  trsuis ltlon  from  the  liquid  to  the 
solid  state  and  as  a  result  of  aging  during  cooling.  Bismuth-containing 
solders  wet  certain  metals  (e.g.,  iron  and  structural  steel)  poorly  and 
are  distinguished  by  a  comparatively  high  electrical  resistance.  In  or¬ 
der  to  Improve  their  wettability  these  metals  are  galvanized  or  coated 
with  lead-tin  solder  before  soldering.  Solders  with  low  melting  points 
are  used  principally  in  warning  devices  for  fire-alarm  systems,  in  elec¬ 
trical  equipment  where  a  low  soldering  temperature  Is  required  as  a 
result  of  the  danger  of  overheating  components,  in  stepwise  (secondary) 
soldering,  and  in  diffusion  soldering. 

References :  Apukhtin,  G. I. ,  Tekhnologiya  payki  montazhnykh  soyedin- 
eniy  v  priborostroyenil  [Techniques  for  Soldering  Fitting  Joints  in  In¬ 
strument  Building],  Moscow-Lenlngrad,  1957;  Lakedemonskly,  A.V. ,  Khrya- 
pln,  V.Ye.,  Spravochnik  payal’ shchlka  [Solderer's  Handbook],  Moscow, 

1959;  Lashko,  N.F. ,  Lashko-Avakyan,  S.V. ,  Payka  metallov  [Soldering  of 
Metals],  Moscow,  1959;  Lueder,  E. ,  Handbuch  der  Loettechnlk  [Handbook 
of  Soldering  Technique],  Berlin,  1952;  Cole,  V.,  Tekhnclcgiya  material- 
ov  dlya  elektrovakuumnykh  priborov  [Technology  of  Vacuum-Tube  Materials], 
translated  from  English,  Moscow-Leningrad,  1957- 

N  F.  Lashko  and  S.V.  Lashko 
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ETC  HI  NO  OP  MAGNESIUM  ALLOYS  -  dissolving  of  metal  in  order  to  re¬ 
move  contaminants  or  to  bring  blanks  to  the  required  dimensions  and 
shape  (dimensional  etching).  Etching  is  performed  by  chemical  or  elec¬ 
trochemical  methods;  the  first  method  is  more  extensively  used.  Magne¬ 
sium  and  alloys  are  dissolved  in  the  majority  of  acids  and  are  practi¬ 
cally  insoluble  in  alkalis,  for  which  reason  acids  are  extensively  used 
for  chemical  etching.  Chromic  acid  is  a  good  solvent  of  magnesium  hy¬ 
droxides  and  of  many  salts,  'out  it  does  not  dissolve  the  magnesium  al¬ 
loy,  with  the  result  that  it  is  extensively  used  for  removing  nongreasy 
contaminants  from  component  surfaces,  for  dissolving  production  of  cor¬ 
rosion  and  flux  Inclusions,  when  the  component  dimensions  must  be  re¬ 
tained.  Chromic  acid  is  also  a  good  passivator  for  magnesium  alloys. 

With  an  addition  of  saltpeter,  nitric  acid  and  other  activators  in  spe¬ 
cified  quantities,  chromic  acid,  alongside  with  dissolving  contaminants, 
can  dissolve  the  metal,  which  removes  impurities  lying  in  deeper  metal 
layers.  The  solutions  used  for  etching  of  magnesium  alloys  are  given  in 
the  table. 

In  the  electrochemical  method  of  magnesium  alloy  etching  the  com¬ 
ponents  are  etched  with  electrolltlc  assistance  in  a  10#  solution  cf 
ammonium  difluoride.  Dimensional  etching  is  used  for  making  thin-walled 
components  of  intricate  shape  and  variable  cross  section  and  when  a  un¬ 
iform  reduction  in  the  component  thickness  is  necessary.  Dimensional 
etching  13  achieved  by  solutions  which  do  not  produce  slime  on  the  sur¬ 
face  and  which  protect  the  relative  surface  smoothness.  The  etching 
rate  can  be  adjusted  by  the  concentration  cf  the  solutions  used  as  well 

1  ■?  5  ( 
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Solutions  for  Etching  Mag 
neslum  Alloys 


1 

Pvwbm  t|n»aj*r- 

^  HIM! 

HaanmiHn  Knano- 
maiua 

}<nn&tn- 

paam  mw* 

ooaearro* 

U 

14 

t 

X 

m 

¥ 

X 

c  9 

u  l 

m 

0: 

CHg.OOH  a)  1 

NiKO,  man  If  H.  SO, 

1  Tj  t  j  A 

|  t  ..  /] 

Lo-25  j 

0.5-  1 

HJ>0.  . j 

1  ll%  ! 

!  »*  .5  -  1 

m^i.  ip  j 

30  M 

20-25 

I0-4-* 

HNO,  (T3.  a.  1.42) 

i*,-'"**  ■  I 

Im-31 

|  i 

HNO,  (TX  a.  1.42) 
H,JK>.  ()X  »  t .**>  j 

10  MA  * 

•  0  414  4 

j  1 »  -  20 

0.5-  1 

HJ»0.  (»■)•,-«»•> 
NH.HT,  in  KHF, 

:•  «  m  i  4 
Ivv  f.  4 

:u-3u 

2 

CfO,  •  . 

l  5u  -  ZSvi  * 

15-30 

ft-  12 

or O,  • 

|  i*-jf»  •  1 

|  *0-  TO 

i"*’: 

c/O, 

NtSU, 

n«r. 

|  lion 

in  1 1 
[  0.14 1  1 

i 

7»-»0 

1 

i 

CfO. 

HSO.  (70\-«ia»> 

hp 

1  2»9  $  A 

j  2  iaii 

j  ft  MA  4 

j  1S-20 

0  »-J 

CrO, 

NaNO 

l  ftO  /  4 

2»*>  .*  .• 

i  c 
♦ 

'TO, 

NaNO,  ana  'a  (SO,), 

%•}-(>  /  « 

1  . 

1  ti-2u 

1  2-IJ 

| 

l)  Names  of  components:  2)  component  concentration:  3)  etching  regime: 
4}  temperature  (#C);  5)  time  (min.  );  6)  glacial;  7)  g/liter;  8)  or;  9) 
specific  gravity;  10)  mllll liter/liter. 

as  by  appropriate  stimulating  or  retarding  additives.  The  domestic  [So¬ 
viet]  industry  u3es  a  solution  of  the  following  composition  foi  con¬ 
tour  etching  of  the  KL5  and  MA2  alloys:  KgSO^  10%,  5-?  g/uiter  of  the 
PV5  inhibitor;  the  temperature  is  13-35* •  To  protect  sections  which  are 
not  to  be  etched,  use  is  made  of  acid-resistant  organic  coatings  with  a 
good  adhesion  to  the  metal  and  which  are  relatively  easy  *0  remove  af¬ 
ter  etching.  Per  example,  it  is  possible  to  use  a  coating  from  the  AG¬ 
IOS  primer  and  KhV  enamel  (one  layer)  (see  Dimer  sjer.ai  Etching  of  Alu¬ 
minum  Alloys). 
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ETHINOL  —  is  a  varnish  based  on  the  polymerization  products  of  di- 
vinylacetylene  (DVA)  with  a  molecular  weight  of  800-1200.  DVA  is  ob¬ 
tained  as  a  secondary  product  in  the  production  of  the  raw  material 
used  for  polychloroprene  rubber.  DVA  is  a  colorless  fluid  which  turns 
yellow  in  light  and  has  a  garlic  odor.  The  boiling  point  is  83.6°;  the 
density  at  20°  is  O.785;  the  decomposition  temperature  is  105-110°. 

The  polymerization  of  DVA  must  be  carried  out  'in  the  absence  of  oxygen, 
otherwise  peroxide  polymer  compounds  may  be  formed  which  will  decompose 
and  explode  spontaneously.  Commercial  DVA  (VTU  MKhP  1267-34)  is  a  4 6$ 
solution  of  DVA  in  xylene  or  chlorobenzene  with  the  addition  of  2 #  a 
naphthylamine  as  a  stabilizer.  Xylenes,  cresols,  and  other  aromatic 
compounds  are  used  as  solvents. 

Technical  requirements  of  ethlnol  as  follows:  43-46#  dry  residue; 
content  of  antioxidant:  2.5#  of  the  polymer;  intrinsic  viscosity  of  a 
10#  solution  at  20°:  0-3-0. 6;  gelatinization  time  at  100°:  20  min;  a 
varnish  sample  must  not  explode  under  an  artillery  drop  hammer  after 
being  exposed  to  oxygen  absorption  in  an  eudiometer  tube  for  3  days; 
the  acid  number  is  1.0;  drying  time  (in  hours)  on  glass:  4  as  a  powder, 
14  totally. 

Ethinol  is  used  in  its  pure  form  and  with  fillers  (aluminum  powder, 
dry  carbon  black,  graphite,  iron  ocher,  minimum,  chromium  oxide,  zinc 
yellow,  asbestos  powder,  talcum,  cement)  as  a  binder  for  core  bodies 
in  metallurgy  and,  as  a  substitute  for  drying  oil,  in  the  impregnation 
of  wood;  in  the  production  of  chemically  resistant  coatings  on  metals, 
resistant  to  the  combined  effect  of  water  and  petroleum  products;  as  a 
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priming  in  coatings  resistant  to  water  and  atmospheric  effects;  for  put¬ 
ties,  and  for  stable  lutes.  The  physicome',hanicai  properties  of  coat¬ 
ings  based  cn  pigmented  ethinol  varnish  exceed  considerably  those  of 
the  nonpigmented  varnish.  The  elasticity  of  pur  ethinol  (according  to 
the  scale  of  NIILK)  is  equal  to  15  mm,  and  the  adhesion  of  the  film  to 
metal  (according  to  the  method  of  lattice  notches)  is  60-75$;  the  elas¬ 
ticity  of  pigmented  ethinol  is  1  mm,  and  the  adhesion  is  10-15$.  Paints 
with  a  base  of  ethinol  contain  45-95$  varnish.  The  film  of  ethinol- 
based  paints  is  extremely  waterproof  and  resistant  to  the  effect  of 
many  salts,  acids,  and  alkalis;  it  does  not  swell  in  organic  solvents; 
it  is  lustrous;  it  has  a  high  hardness;  it  is  polished  easily;  it 
dries  quickly,  and  it  does  not  soften  at  temperatures  up  to  200*.  Ethin¬ 
ol  paints  are  applicable  even  under  highly  moist  conditions  and  at  very 
low  temperatures  (-25°);  the  paints  dry  quicker  than  oil  paints  (and 
cost  at  least  10  times  less  than  the  latter).  The  high  waterproofness 
is  maintained  also  in  the  presence  of  sea  water  (the  paints  are  usable 
in  the  covering  of  the  bilges  of  nautical  vessels). 

The  technical  requirements  of  ethinol  paints  are  as  follows:  all 
kinds  of  colors;  drying  time  of  the  powdered  paint  50  minutes  at  20°; 
total  drying  time  net  longer  than  10  hours;  viscosity  determined  by  the 
VZ-4  device  (at  20°)  not  less  than  10  sec;  flexibility  not  more  than 
5  mm;  pendulum  hardness  0.6-0. 5;  impact  strength  15-35  kg/cm  ;  water 
adsorption  not  more  than  0.5$;  consumption  of  the  paint  60-120  g/m^. 

Disadvantages  of  the  ethinol-be.sed  films  are  as  follows:  insta¬ 
bility  of  the  properties  of  the  raw  material;  ethinol  coetlngs  are 
brittle  due  to  the  weak  adhesion  to  other  mater ialr,  and  they  are  not 
lightproof.  The  lightproofness  may  be  increased  by  the  addition  of 
vinyl  copolymers  to  ethinol.  Asbovlnyl,  an  anticorrosion  coating  com¬ 
pound  (putty)  is  prepared  from  etnincl  and  asbestos  fiber  of  the  5-6th 
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grades.  Carbon-graphite  impregnated  with  ethinol  is  used  in  the  chemical 
industry;  it  has  a  low  porosity,  a  good  heat  conductivity,  and  is  de¬ 
composed  only  by  strong  oxidizers.  Ethinol  may  be  used  to  modify  vari¬ 
ous  polymers.  Ethinol,  modified  by  epoxy  resin,  is  very  interesting; 
epoxy  resin  is  easily  compatible  with  ethinol  in  each  ratio;  it  im¬ 
proves  the  adhesion  of  the  latter  to  various  materials,  and  it  increas¬ 
es  the  elasticity  and  retards  the  aging,  preserving  its  very  high  pro¬ 
tective  properties. 

References :  Drinberg,  A.Ya. ,  Tekhnologiya  plenkoobrazuyushchikh 
veshchestv  [Technology  of  Film-Forming  Substances],  2nd  Edition,  Lenin¬ 
grad,  1955;  Iskra,  Ye.V. ,  Etinolevyye  kraski  [Ethinol  Paints],  Lenin¬ 
grad,  i960. 

N.P.  Gashnikova 
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ETHYL  CELLULOSE  PLASTICS  —  see  Plastics  based  on  cellulose  esters. 
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ETHYLENE- PROPYLENE  RUBBER  -  is  the  product  of  the  copolymerization 
of  ethylene  with  propylene;  it  is  a  rubber-like  copolymer  with  a  high 
molecular  weight,  a  dense  and  hard  white-colored  mass,  which  is  rela¬ 
tively  readily  workable  on  rolls.  The  specific  gravity  is  0.8-0.86. 
Ethylene -propylene  rubber  is  easily  miscible  with  a  relatively  great 
number  of  solvents.  The  vulcanization  of  the  ethylene-propylene  rubber 
is  carried  out  by  means  of  organic  peroxides  at  150-160°.  The  vulcani¬ 
zation  by  organic  peroxides  in  presence  of  small  amounts  of  sulfur  im¬ 
proves  significantly  the  mechanical  properties  of  the  vulcanized  pro¬ 
ducts.  Comparative  data  for  the  properties  of  carbon-black  filled  rub- 
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bers  (50  parts  by  weight  of  KhAF  chimney  soot  per  100  parts  by  weight 
of  rubber)  from  the  ethylene-propylene  copolymer  and  for  those  of 
natural  rubbers  (NK)  are  given  in  the  Table. 
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Apart  from  the  high  mechanical  and  elastic  properties,  the  ethy¬ 
lene-propylene  rubbers  prove  an  exclusively  high  resistance  to  aging  at 
elevated  temperatures,  which  is  due  to  the  fact  that  double  bonds  are 
almost  absent  in  the  copolymer.  Ethylene-propylene  rubbers  maintain 
their  high  tensile  strength  even  after  aging  at  175°.  The  excellent  re¬ 
sistance  to  thermal  aging  provides  the  good  operation  qualities  of  the 
products  from  ethylene-propylene  rubber.  Ethylene-propylene  rubbers  are 
equal  to  natural  rubbers  with  regard  to  the  resistance  to  swelling  in 
organic  solvents,  fuels  and  oils,  but  they  are  significantly  inferior 
to  divlnylnltrile  rubbers.  Ethylen j-propylene  rubbers  surpass  all  types 
of  synthetic  rubbers,  excluding  fluororubbers,  in  the  resistance  to 
acids  and  alkalis,  but  they  are  weakly  stable  to  concentrated  nitric 
acid.  With  regard  to  the  resistance  to  abrasion,  the  ethylene-propylene 
rubbers  are  almost  equivalent  to  natural  rubbers.  The  ozone-proofness 
of  the  ethylene-propylene  "ubbers  surpasses  that  of  all  types  of  syn¬ 
thetic  rubbers  used  at  tne  tine  in  industry.  The  reslsta-ice  to  the 
growth  of  cuts  at  alternating  deformations,  and  the  excellent  dielec¬ 
tric  properties  are  also  valuable  properties  of  the  ethylene-propylene 
rubbers.  The  gasproofness  of  the  ethylene-propylene  rubber  is  near  to 
that  of  natural  rubbers.  The  valuable  complex  of  properties  of  etxiylene- 
propylene  rubbers,  the  cheapness  and  ready  availability  of  the  initial 
monomers  determine  the  possibilities  of  their  wide  application  in 
Industry. 

References:  Livshits  I. A.  [ et  al. ],  Sovystva  sopolimerev  etilena  1 
propilena  [Ihe  Properties  of  the  Ethylene-Propylene  Copolymers],  "Kau- 
chuk  i  rezina, "  19^0,  No.  11,  page  1;  Garmonov  I.  V.  and  Piotrovskiy  K.  B. , 
Rezul'taty  nachnykh  lssledovaniy  v  oblasti  ninteticheskogo  kauchuka, 
prove iennykb  v  periode  s  XX  po  XXII  s"yczd  K.PSS  [The  Results  of  the 
Scientific  Researches  in  the  Field  of  Synthetic  Rubbers  Carried  Out  in 
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the  Interval  Between  the  XXth  and  XXIIth  Congress  oi  the  Communist  Par¬ 
ty  of  the  Soviet  Union],  ibid.,  1S61,  no.  10;  Natta  G.  [  a.  o.  ] ,  "Rubber 
and  Plast.  Age,"  Vol.  42,  1961,  No.  1,  page  536. 

M.  D.  Gordin 
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EXTRA  HARD  BRASS  is  brass  which  is  pressured  worked  with  a  high 
degree  of  deformation.  In  this  condition  the  extra  hard  brass  has  high 
strength  (hardness).  Semimanufactures  sire  obtained  from  this  brass  by 
cold  pressure  working  (rolling  and  drawing).  Ribbon  (OOST  2208-49)  is 
made  from  the  L68  and  L62  brasses,  and  strip  (GOST  931-52)  is  made 

p 

from  the  L62  brass,  with  tensile  strengths  of  no  less  than  62  kg/mm 
and  a  relative  elongation  of  no  less  than  2. 5#.  Ribbon  and  strip  (OOST 
4442-48)  with  tensile  strength  of  no  less  than  64  kg/mm  and  relative 
elongation  of  no  less  than  5#  are  fabricated  from  the  LS63-3  watch¬ 
maker's  leaded  trass. 

Ye.S  Shplehinetskiy 
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EXTRUSION  —  Is  the  preparation  of  plastic  pieces  pressed  through 
the  forming  parts  of  machines  termed  extruders.  Extrusion  serves  for 
the  manufacture  of  pipes,  various  profiled  objects,  sheets,  films  and 
fibers  (from  polyethylene,  polyvinyl  chloride,  polystyrene  and  other 
polymer  materials);  for  the  electric  insulating  coating  of  wire,  etc- 
Extrusion  is  also  used  for  the  pressing  out  of  blanks  for  the  manufac¬ 
ture  of  hollow  objects  by  blowing,  for  the  plastlfication  in  pressure 
die-casting,  etc.  Screw  extruders  with  a  screw  diameter  of  2C-1CC  mm 
and  a  length  of  the  working  part  of  15-25  diameters  are  the  most  wide¬ 
spread  extruder  types;  the  material  to  be  processed  passes  three  terr.pe 
ature  zones  and  is  heeted  to  120-200°.  The  driving  power  of  this  ex¬ 
truder  type  reaches  up  to  100  kw;  the  screw  rotates  with  a  velocity  of 
5-60  rpm  (with  four-speed  control);  the  pressure  reaches  up  tc  3-00  kg/ 
/cm  .  There  ate  alee  cxt.uicrc  !r.  ::Mch  the  •  mating  is  carried  cut  by 
transforming  the  mechanical  energy  into  thermal  energy  ("adiabatic''  ma 
chines).  Extruders  of  the  piston  type  (staffers),  ant  pumps  with  gear 
and  pinion  drive  (spinnerets)  are  ~sed  to  a  lesser  extent.  Recently, 
extruders  were  developed  in  which  the  smelt  was  fed  from  the  periphery 
to  the  center  of  a  rotating  dire  (Weissenberg  effect).  The  continuity 
of  the  multi-purpose  action  (besides  the  formation  of  the  necessary 
pressure  for  pressing  the  material  through  the  forming  openings,  sly  in 
plasticization,  heating,  drying  by  exhaustion  of  volatiles,  etc.,  are 
also  carried  out)  is  of  an  advantage  to  the  screw  extruders. 

A  diagram  of  the  working  part  of  an  extruder  is  shown  in  the  Fig¬ 
ure.  The  powder  or  the  grains  poured  into  the  hopper  are  caught  by  the 


xll-el 


screw  and  moving 

forward  pa 

~  *  ►  a  f  ft  «r  i  m  r  £  ♦ 

,  r  n  '  -  ’  £>  ’ 

ft-  :  111,  t '  - 

coming  neated  to 

the  vistc’o 

•-liquid  .  fate 

at  tfe  en :  of  * 

•  e  c  rew  ;  t  he 

material  is  press 

ed  through 

a  screen  pac#- 

(preceding  the 

head)  and 

through  the  forming  appliance.  The  screen  pack  causes  a  reel:  tance 
necessary  for  thieknening  the  smelt;  It  arrests  large,  insufficiently 
heated  material  particles  and  eliminates  a  harmful  effect  to  the  screw 
on  tne  material. 


Diagram  of  the  working  part  of  an  extruder:  I,  II,  III  and  IV  are  elec¬ 
tric  heaters.  1)  Supporting  bush  of  the  screw  with  bearings  and  with 
the  driving  gear  wheel;  2)  feed  hopper;  3)  screw;  4)  barrel  of  the 
screw;  5)  screen  pack;  6)  head;  7)  hollow  for  cooling  water. 

When  pipes  are  manufactured  by  extrusion,  the  hot  pipe  is  drawn 
through  a  cooled  pipe  (the  calibrating  device)  and  pressed  on  its  in¬ 
ner  surface  by  means  of  compressed  air  or  vacuum.  The  Inner-size  cali¬ 
bration  is  carried  out  by  drawing  the  hot  pipe  over  a  cylindrical 
straightening  device  wr.lch  is  cooled  on  the  side  of  the  head  and  is  a 
continuation  of  the  mandrel.  The  obtained  rigid  pipes  are  cut  into  sec¬ 
tions  of  the  demanded  length  (behind  the  drawing  device);  soft  pipes- 
are  wound  on  corresponding  bobbins.  Various  designs  of  the  heau  and  of 
the  forming  appliance  are  used  in  the  manufacture  of  profiled  cojects. 
The  speed  cf  the  extruded  material  is  equalized  by  means  of  a  et  cf 
resistors  (narrowing  or  lengthening  the  passageways)  in  order  to  avoid 
a  sharp  change  of  the  shape  after  the  forming  appliance  has  beer  .eft. 

A  slot-die  is  used  for  the  manufacture  of  sheets:  the  sheet  * « i r.g 
formed  in  it  and  then  polished  cn  rolls  (heated  by  a  circulating  f  ield); 
it  parses  then  drawing  rolls  and,  after  cooling,  it  is  wound  a  drum 
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(In  tne  cases  of  soft  sheets)  or  cut  and  put  together  into  packs  (in 
the  case  of  rigid  sheets). 

For  the  manufacture  of  a  film,  a  thin-walled  mantle  is  pressed 
o”t  by  the  extruder  heat;  this  mantle  is  blown  by  air  pressure  to  the 
demanded  dimensions  and  then  folded  by  guide  roils  into  a  double  sheet. 

References:  Mlndlin,  S.S.  and  Samosatskiy,  N.N.,  Proizvodstvo 
izdeliy  iz  polietilena  metodom  ekstruzii  [Manufacture  of  Polyethylene 
Objects  by  Extrusion  Method],  Leningrad,  1959;  Voprosy  ekstruzii  termo- 
plastov  [Problems  of  Extrusion  of  Thermoplastics],  a  Collection  of 
trans ?.atior.s,  edited  by  A.N.  Levid,  Mjscow,  1963;  Schenkel,  G. ,  Shne- 
kovyye  pressy  dlya  plastmass  [Screw  Presses  for  Plastics],  translated 
from  German,  Leningrad,  1962;  Fisher,  E.G. ,  Extrusion  of  Plastics, 
London-New  York  [1958];  Processing  of  Thermoplastic  Materials,  ed.  by 
E.C.  Bernhardi,  N.Y. -London,  1959- 

Ye. Ye.  Glukhov 
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FABRIC  -  material  formed  in  the  weaving  process  by  interweaving 
mutually  perpendicular  systems  of  textile  threads.  The  longitudinal 
fibers  of  a  fabric  are  called  basic  (warp)  while  the  transverse  are 
called  weft  (weft)  threads. 

Fabrics  (belt,  convenor  belt,  parachute,  sail,  sieve,  filter, 
hose,  etc.  )  are  used  directly  for  ms.'iing  articles,  others  are  used  as 
a  supporting  skeleton  for  composite  laminated  materials,  i.e. ,  texto- 
lites,  automa+iv?,  aircraft  and  bicycle  covers,  rubber  hose,  soft  fuel 
tanks,  rubberized  or  polymer-film  coated  materials,  electrical  insula¬ 
tion,  certain  systems  of  varnish  and  paint  coats  and  gluing  compounds. 
The  thickness  of  fabrics  varies  within  the  limits  of  0. 1-5.0  nan,  the 
width  comprises  0. 3-1.6  m  (infrequently  it  can  be  as  much  as  10-12  m). 
The  length  of  a  commercial  cut  is  20-50,  100,  150,  l8o,  360  and  more, 
piece  products  (technical  filter  cloth,  etc.)  are  produced  in  the  form 

p 

of  short  pieces.  The  weight  of  a  m  of  a  fabric  is  20-2000  g  and  more 
(most  frequently  60-75  g),  the  breaking  load  (in  tension)  of  a  strip 
of  50  x  200  mm  along  the  warp  and  along  the  weft  is  5-350  kg  and  high¬ 
er,  the  elongation  is  3-8O& 

The  structure  of  a  fabric  is  determined  by  the  fiber  composition, 
the  character  of  the  weaving  interlacing,  the  numbers  of  warp  and  weft 
threads,  their  number  per  unit  of  length  of  the  fabric  (density  witn 
respect  to  the  warp  and  weft)  as  well  as  by  the  features  of  the  right 
(face)  and  wrong  (reverse)  surfaces.  For  a  more  profound  characteriza¬ 
tion  of  fabric  structure  use  is  made  of  filling  Indicators  (specific 

density),  the  structural  and  supporting  surface  phases.  Fabrics  are 
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made:  of  the  same  kind,  i.e.,  entirely  from  threads  of  an  any  given  fi¬ 
ber  composition  (cotton,  flax,  capron,  etc. ),  not  of  the  same  kind,  i. 
le. ,  from  threads  which  are  most  frequently  of  two  different  fiber  com¬ 
positions  (the  warp  being  cotton,  the  weft  -  wool,  silk,  etc.),  and 
mixed,  i.e.,  from  threads  containing  various  fibers.  Fabrics  not  of  the 
same  kind  and  mixed  are  usually  further  differentiated  by  the  more  val¬ 
uable  fiber  component  which  they  contain  (semi-wool,  semi-silk  fabrics, 
etc. ). 

The  weave  of  fabrics  determines  the  order  in  which  the  warp  and 
weft  overlaps  (i.e.,  passes,  when  the  warp  thread  covers  the  v/eft 
threads,  and  skips  when  it  is  covered  by  the  weft  thread)  are  situated 
on  its  surface.  In  the  production  of  technical  fabrics  use  ±s  made  pri¬ 
marily  of  basic  or  simple  interlacings  (Fig.):  plain,  serge  and  satin 
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Main  weave  interlacings.  1)  Plain  weave;  ?)  varp-  faced  serge  weave;  3) 
welf-faced  satin  weave  (satin).  In  all  the  cases  the  vertical  threads 
are  the  warp  while  the  horizontal  are  the  weft. 

(satin)  and  derivatives  of  these  weaves.  In  the  most  extensively  used 
plain  (calico,  cloth,  taffeta)  weaves  the  greatest  bound  between  the 
warp  and  weft  threads  is  achieved.  Hence  plain  weave  fabric  are  the 
stiffest  and  have  the  highest  tensile  strength.  On  the  right  side  of 
serge  fabrics  the  narrow  slanted  strips  of  the  warp  passes  (diagonals) 
go  fruo  tne  bottom  up  to  the  right  (on  the  wrong  sidu  the  weft  pass  di¬ 
agonals  go  from  the  bottom  up  to  the  left).  The  threads  in  a  serge 
weave  are  not  as  closely  bound  as  in  plain  weave  fabrics.  Serge  is  soft¬ 
er  and  has  better  resistance  to  being  cut,  for  example,  by  sewing 
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thread.  In  the  satin  (satin)  weave  the  bound  between  the  threads  i^ 
even  weaker  and  a  continuous  facing  of  predominant  long  warp  (weft)  in- 
terlacings  is  formed  on  the  fabric  surface.  This  weave  is  used  for  ob¬ 
taining  fabrics  with  a  smooth  surface  (cover,  lining,  decorative).  Der¬ 
ivatives  of  simple  weaves  are  obtained  by  doubling  or  tripling  the  warp 
or  weft  passes  (warp  or  weft  repp,  reinforced  serge,  reinforced  satin- 
moleskin),  doubling  both  (coarse  canvas),  changing  the  direction  of  the 
diagonals  (broken  serge),  etc.  For  decorative  fabrics  which  are  used 
for  upholstering  ceilings,  walls,  furniture  and  curtains  of  transpor¬ 
tation  facilities,  use  is  made  of  combined  (from  simple)  and  fine-de¬ 
sign  (diagonal,  waffle,  crepe),  and  also  coarse-design  (Jacquard) 
weaves.  Complex  weaves  are  used  for  carpet  fabrics  and  for  velours  (nap 
weave),  sieve  fabrics  (interwoven  or  openworked),  drive  belts,  certain 
cloth  types,  filtering  and  other  fabrics  (multilayer).  More  than  two 
thread  systems,  I.e.,  two  and  more  warps,  two-three  and  more  weft  par¬ 
ticipates  in  the  formation  of  complex  weaves. 

The  density  of  fabrics  with  respect  to  the  warp  or  the  weft,  i.e., 
the  thread  count  of  the  warp  (weft)  per  a  length  of  10  cm,  is  specified 
by  standards  and  is  checked  on  delivery  and  acceptance  of  fabrics.  To 
estimate  the  degree  to  which  the  fabrics  are  filled  by  the  fibreous  ma¬ 
terial  and  to  compare  densities  of  fabrics  made  from  threads  of  vari¬ 
ous  thickness  (numbers),  use  is  made  of  the  formulas 

_  i.un.  1  llffr 

■•"ki 7F. 

where  EQ  and  E^  are  the  linear  warp  and  weft  fillings,  which  show  what 
percent  of  any  rectilinear  section  in  the  warp  or  weft  direction  of  the 
fabric  is  filled  by  threads;  nQ  and  Ilu  are  the  densities  of  the  fabric's 
warp  and  weft,  respectively;  and  6U  are  the  specific  weights  of  the 
warp  and  weft  threads  in  mg/mm^,  Nq  and  Nu  are  the  thread  numbers  for 
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the  warp  and  weft.  Typical  specific  weights  of  threads  (mg/mm^)  are: 
0.8-0. 9  for  cotton  threads,  0.9-1.  05  for  flay.,  0. 85-0. 9  for  long- 
staple  hemp  and  0.55-0*65  for  short-staple  hemp,  0. 7-0.8  for  wool 
threads,  1.12  for  silk,  0.75  for  short-staple  (yarn),  0,9  for  viscose 
(warp)  threads,  0.84  for  viscose  staple  fiber  (yarn),  0. 9  for  capron, 

0. 8-2.0  for  glass  threads.  Surface  (complete)  filling  of  fabrics.  Er 

u 

is  the  ratio  of  the  projected  area  of  both  thread  systems  in  a  fabric 

cut  to  the  area  of  this  cut,  which  is  calculated  by  the  formula  E  = 

s 

"  %  +  ®u  -  °-  01  EqEu>  If  calculations  show  that  EQ,  Eu  or  Eg  >  100$ 
this  means  that  the  theoretically  round  thread  cross  sections  have 
been  flattened  as  a  result  of  the  high  fabric  density.  Nondense  fa¬ 
brics,  i. e. ,  gauze,  AOD  (for  the  facing  of  wood)  have  Ec  =  35-65$,  the 

main  bulk  of  medium  density  fabrics  has  an  Ee  =  65-85$,  E  for  dense 

s  s 

sailcloth,  moleskins,  tents,  certain  filter  fabrics  is  higher  than  85$. 

The  specific  weight  of  fabrics  is  calculated  from  the  formula  6  = 

=  0.01  g^b,  where  g^  is  the  weight  of  1  m  of  the  fabric  in  g,  and  b 
is  the  fabric  thickness  in  mm.  Ey,  the  volume  filling  of  fabrics  shows 
what  percent  of  the  total  volume  of  the  fabric  is  occupied  by  the  warp 
and  weft  threads.  Ey  =  6/6n*100$,  where  6n  is  the  specific  weight  of 
the  thread.  The  weight  filling  of  fabrics  is  E  =  6/7*100$,  where  7  is 
the  specific  gravity  of  the  fiber  or  thread  substances.  The  porosity 
D,  which  shows  the  air  content  of  fabrics,  is  calculated  by  the  formula 
D  »  7-6/7*100$.  The  structural  phases  of  fabrics  (according  to  N. G. 

Novikov)  characterize  the  curvature  of  the  warp  and  weft  threads  in  the 
fabric.  Hie  phase  which  Is  most  favorable  for  obtaining  the  smallest 
thickness,  maximum  specific  weight  and  smoothness,  and  also  close  warp 
and  weft  extensions,  is  that  in  which  the  curvatures  of  the  warp  and 
weft  threads  (with  the  same  number)  are  the  same.  In  this  case  the  fa¬ 
bric  has  the  maximum  support  surface,  which  ensures  its  lowest  abrasion. 

mo  2 
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The  weight  of  a  square  meter  of  a  fabric,  is  related  to  the  warp 
A  (IIq)  and  weft  ( IIu )  densities  and  with  the  thread  numbers  (NQ  and  Nu) 

by  the  approximate  formula  g1  =  a(njy'N0  +  n^/Ny),  where  a  is  10.4  for  1 
cotton  fabrics,  9  for  bleached  flax  fabrics,  10.7  for  combed  wool, 

12.5  for  thick  cloth  and  13. 0  for  thin  cloth  fabrics. 

1 

By  the  character  of  the  facing  surface  fabrics  may  be  smooth,  card-  1 
ed  (baize,  flanel,  etc.),  pile  (velvet,  velours,  carpet)  and  fulled 
(cloth),  as  well  as  with  identical  sides,  having  the  same  right  and 
wrong  sides,  and  of  different  sides,  i.e.,  with  only  the  right  sides 
finished  (one-sided)  or  with  the  right  and  wrong  sides  finished  dif¬ 
ferently  (two-sided).  Raw  fabrics  or  unfinished  fabrics,  which  have  not 
been  finished  after  weaving,  are  contaminated.  The  warp  threads  of  such 
fabrics  frequently  contain  starch  or  synthetic  glues  (sizing).  In  the 
finished  process  the  unfinished  fabric  can  be  subjected  to  searing 
(burning  off  of  fibers  sticking  out  at  the  fabric  surface);  desizing 
(removal  of  the  sizing  and  washint);  scouring  (more  thorough  washing); 
blanching  (or  "bleaching"),  which  frequently  reduces  somewhat  the 
mechanical  strength  of  fabrics;  mercerizing,  which  consists  in  an  alka¬ 
li  treatment  which  increases  the  strength,  resistance  to  atmospheric 
effects,  smoothness,  luster,  softness  and  dyeability  (only  for  cotton 
fabrics);  dyeing,  and  sometimes  also  to  special  impregnation:  water 
resistant,  anti-rot,  preservation,  combined  (water-resistant-anti- rot), 
fireproofing  (interfering  with  flame  propagation  on  the  fabric  surface, 
but  not  imparting  nonflammability  properties),  washable  (by  minearal 
antipyrenes)  or  nonwashable  (by  reinforced  organic  antipyrenes).  Fea¬ 
tures  of  wool  fabric  finishing  include  felting  ( thermooechanical  pro- 

,  cessing  of  cloth  in  a  soda-soap  or  other  solution)  to  obtain  a  felt- 

/ 

like  surface  facing  and  carbonization,  i.e.,  sulfuric  acid  impregnation 
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rics  are  also  Impregnated  by  antimole  fluorine  compounds,  DDT,  etc. 

The  main  and  standard  c.iaiar.teristics  of  mechanical  properties 
of  fabrics  are  the  rupture  load  (kg)  and  the  elongation  at  break  {%), 
which  are  obtained  by  tensile  testing  strips  made  separately  by  warp 
and  weft  of  the  fabric  on  special  machines. 

To  compare  the  strengths  of  fabrics  of  various  thickness  with  one 
another  the  rupture  length  of  fabrics  (for  the  warp,  weft  or  the  aver¬ 
age)  is  calculated  by  the  formula  L  =  20  P/Q,  where  L  is  the  rupture 
length  in  km,  P  is  the  rupture  load  of  a  strip  5  cm  wide  (in  kg),  and 

p 

Q  is  the  weight  of  a  m  of  the  fabric  in  g.  An  average  L  of  4  km  for 
the  warp  and  weft  is  considered  low,  of  4-7  km  it  is  considered  medium, 
of  7-9  tan  high,  and  of  9-15  km  and  above  it  is  regarded  as  very  high. 
For  deeper  characterization  of  the  mechanical  and  other  fabric  proper¬ 
ties  use  is  made  of  methods  presented  in  the  following  GOSTs:  1090-41 
"Textile  Fabrics.  Testing  Methos";  3810-47  "Sampling  Methods  for  Labor¬ 
atory  Tests" ;  3811-47  "Methods  for  Determining  the  Linear  Dimensions 
and  Weight";  3812-47  "Methods  of  Density  Determination";  3813-47  "Meth¬ 
ods  of  Strength  Determination";  3814-56  "Methods  for  Determining  the 
Wrinkling,  Separation  and  heading,"  3815-47  "Methods  for  Determining 
the  Pile  Quality,"  3816-61  "Methods  for  Determining  Hygroscopic  Proper¬ 
ties,"  5012-61  "Methods  for  Determining  the  Shrinkage  of  Wool  Fabrics 
After  Wetting, "  etc. 

References:  Solov'yev,  A.N.  and  Kukin,  G.  N. ,  Tekstil'noye  material 
ovedeniye  [Textile  Materials  Science),  Moscow,  1955,  by  the  same  auth¬ 
ors,  Tekstil'noye  oaterialovedenlye.  Part  1,  Moscow,  1961;  Sheydeman, 
I.Ttu. ,  Tekstil'nyye  materialy  [Textile  Materials),  in  the  book  Spravo- 
chnlk  po  mashinostroitel'nym  materlalam  [Handbook  of  Machine-Building 
Materials),  Vol.  4,  Chapter  8,  page  508,  Moscow,  1958;  Moskalev,  V.M. , 
Tekstil'nyye  materialy  prlmenyamyye  v  khimlcheskoy  promyshlennosti 
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[Textile  Materials  Used  in  the  Chemical  Industry],  Moscow,  1954. 

I.  Yu.  Sheydeman 
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FABRICS  FOR  AIRCRAFr  COVERING  -  textile  fabrics  (cotton  and  flax) 
with  a  card  (plain)  weave,  which  is  characterized  by  a  high  specific 
strength,  small  elongations  of  the  warp  and  weft  and  the  necessary 
shrinkage  upon  varnish  application.  Cotton  fabrics  of  the  AM-100  (TU 
30465-47),  AM-93  (GOST  1883-46),  AST-100  (GOST  2328-43)  brands  and 
flax  fabrics  of  the  ALL  (SMTU-240)  and  ALVK  (SMTU-240)  are  currently 
produced.  Fabric  covering  of  wings,  ailerons  and  other  parts  of  air¬ 
craft  (gliders,  light  planes),  which  tkae  up  and  transfer  to  the  struc¬ 
ture  air  loads,  make  it  possible  to  impart  to  the  surfaces  an  advan¬ 
tageous  aerodynamic  shape,  reduce  the  weight  of  the  structure;  they 
are  easily  installed  and  repaired.  To  impart  to  the  fabric  air  and 
moisture  impermeability,  resistance  to  atmospheric  effects,  to  improve 
the  strength,  eliminate  surface  roughness  and  for  creating  the  re¬ 
quired  tensions,  ic  is,  after  sheathing  the  frame  and  fastening,  cov¬ 
ered  on  the  face  side  (which  is  not  so  pile-textured)  first  by  special 
colorless  aircraft  varnishes  and  then  by  pigmented  varnishes.  When  fab¬ 
ric  cuts  are  sewn  together  for  sheating  large  aircraft  surfaces,  the 
joining  seams  should  not  be  located  perpendicular  to  the  flight  direc¬ 
tion,  and  the  sewing  threads  should  conform  to  the  requirements  of 
GOST  6309-59  (for  brand  AM-100  and  ALL  -  No.  30,  for  brand  AM-93  ~  No. 
20,  for  brand  AST-100  and  A"'  fabrics  -  No.  10).  When  using  inter¬ 
changeable  (with  respect  t*'  ;ngth)  fabrics  of  the  AM-100  and  ALL 
brands  and  AST-100  and  ALVK  brand  fabrics  it  must  take  into  account 
that  flax  fabrics  are  characterized  by  smaller  elongations  and  that  to 

create  tension  in  the  covering  it  is  necessary  to  apply  a  smaller  num- 
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ber  of  colorless  ’  .mish  layers,  while  cotton  fabrics  have  a  smoother  ; 

surface  and  a  lower  weight  and  they  require  a  smaller  number  of  Join¬ 
ing  seams.  For  the  main  characteristics  of  fabrics  for  aircraft  cover¬ 
ing  see  the  table. 


Main  Characteristics  of  Fabrics  for  Aircraft  Covering 
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I)  Brand;  2)  dimensions;  3)  weight  of  1  o  (g);  4)  moisture  content 
(jfc);  5)  rupture  load  of  50  x  200  nan  strip  (kg,  not  less  than);  6) 
elongation  (#,  not  more  than);  7)  rupture  length  (km);  8)  density 
(thread  count  per  10  cm);  9)  tearing  strength  (Kg);  10)  width  (cm); 

II)  thickness  (mm);  12)  for  the  warp;  13)  for  the  weft;  14)  not. 
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FABRICS  FOR  DRIVE  BELTS,  CONVEYER  AND  ELEVATOR  BELTING  -  fabrics 
used  as  the  power  element  of  belts.  Single  and  multilayer  cotton  fab¬ 
rics  are  used  primarily  in  the  manufacture  of  rubberized  belting  and 
uiive  oelts. 

Multilayer  cotton  fabrics  are  produced  in  the  form  of  all-woven 
materials  of  different  width  and  layer  number,  which  are  impregnated 
by  bitumen-ozocerite  compounds  and  are  stretched  in  the  longitudinal 
direction.  Unfinished  materials  can  also  be  produced.  The  impregnation 
imparts  water- repelling  properties  to  the  fabrics. 

Fabrics  from  polyamide  fibers  are  used  for  ubberized  conveyer 
and  elevator  belting.  The  physic omechanieal  indicators  of  capro^  fab¬ 
rics  for  conveyer  belting  are  presented  in  Table  1. 

In  addition  to  load -transmit ting  fabrics,  fabrics  with  fastened 
weave  cells  are  used  for  conveyer  and  elevator  belting.  The  warp  of 
these  fabrics  is  3^/5  capron  thread,  the  weft  is  No.  -*0/2  cotton  yam. 

Cotton  cord  fabrics  from  wet  twisted  yarn  (see  Fig.  2)  are  used 
for  the  strength  layer  (core)  of  rubberized  V  drive  belts. 

In  the  manufacture  of  V  belts  extensive  use  is  made  of  chemical 
fibers  which  comprise  the  warp  of  the  fabric,  with  cotton  yarn  used  as 

the  weft.  The  physicomechanical  indicators  of  these  fabrics  are  given 

In  Table  3. 

The  outside  sheafing  of  the  V  belt  core  is  made  from  0T--*0  ar.d  JT- 
65  cotton  fabrics  (see  Table  «).  To  Impart  a  greater  transverse  rigid¬ 
ity  to  the  V  belt  use  is  made  of  rubberized  cotton  fabrics  in  the 

stretching  layer  of  the  belt  (see  Tasie  5)- 

lfcoe 
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TABLE  1 


Physicoraechanical  Indicators  for  Capron  Fabrics  for 
Conveyer  Belting 
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1)  Fabric  designation;  2)  thickness  (mm,  not  more  than);  3)  weight  of 
1  (g,  not  more  than);  4)  thread  structure;  5)  rupture  load  of  a  50  x 

x  200  mm  strip  (kg,  not  less  than);  6)  elongation  at  break  (%,  not 
more  than),,  7)  weave  type;  8)  warp;  9)  weft;  10)  K-4-3  warp;  11)  plain; 
12)  K-4-3  weft;  13)  same  as  above;  14)  K-8-3T  warp;  15)  K-0-3T  weft; 
l6)  K-10-2-3T  warp;  17)  K-10-2-3T  weft;  18)  "Tselina"  fabrics  from  No. 
34.5;  19)  weft  repp;  20)  "Tselina”  fabric  from  No.  10.7* 


TABLE  2 

Physicochemical  Indicators  of  Cotton  Cord  Fabrics  from 
Wet  Twisted  Yarn* 
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•The  fabric  is  produced  in  cuts  180  t  5m  long.  No.  40  cotton 
yarn  is  used  for  the  weft. 

1)  Type;  2)  cord  brand;  3)  thickness  of  the  warp  thread  with  a  moisture 
content  not  higher  than  0.5$  (mm);  4)  rupture  load  of  the  thread,  re¬ 
duced  to  6.5#  moisture  content  (kg,  not  less  than);  5)  nonunifomity 
in  the  warp  strength  {%,  not  more  than);  6)  elongation  (£);  7)  thread 
count  per  10  cm;  8)  when  loaded  by  4.5  kg;  9)  on  break;  10)  warp;  11) 
weft;  12)  fabric  width  (cm). 
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TABLE  3 


Phyoicoraechanical  Indicators  of  Fabrics  with  a  Warp 
from  Chemical  Fibers 
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1)  Brand;  2)  thickness  (mm);  3)  weight  of  1  m  (g);  4)  structure;  5) 
rupture  length  for  the  warp  of  a  50  x  200  mm  strip  (kg,  not  less  than) 
6)  elongation  at  break  of  the  warp  not  more  than);  7)  remarks;  8) 
warp;  9)  weft;  10)  capron;  11)  cotton;  12)  is  produced  with  a  plain 
weave  with  a  width  of  80-105  ±  2  cm;  13)  is  produced  with  a  plain 
weave  with  a  width  of  90  ±  2  cm. 

TABLE  4 

Physicomechanical  Indicators  of  the  0T-40  and  OT-65 
Cotton  Fabrics 
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1)  Brand;  2)  width  (cm);  3)  weight  of  1  m  (g);  4)  thickness  (mm);  5) 
yarn  number;  6)  thread  count  per  10  cm;  7)  rupture  load  of  a  50  x  200 
mm  strip  (kg);  8)  elongation  at  break  (#);  9)  warp;  10)  weft. 

TABLE  5 


Indicators  of  Cotton  Fab¬ 
rics  for  the  Stretching 
Layer 


1 

f 

E 

< 

lEipma 
(CM)  n 

Hsmcp 

DPWKK 

1 

JHXPJIO  HUTCH  IIS  10  CM 

(^>CH0ia 

s 

_a 

7* 

O 

u 

T5 

hi 

§23 

* 

3 

0 

E 

8 

J 

K 

s 

a 

0 

X 

a 

a  v  0 

SIS 

s 

a 

0 

K 

0 

B 

ii 

M  ,  * 

E  K  S 

fc°S! 

1§S 

nix 

2071 

2072 

87 

100 

11 

1 1 

20/2 

20/2 

12 

12 

90 

90 

12 

12 

120 

120 

1)  Type:  2)  width  (cm);  3)  yarn  number;  4)  thread  count  per  10  cm;  5) 
warp;  6)  weft;  7)  according  to  the  norm;  8)  permissible  deviation. 

S.Ye.  Strusevich 
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FAIENCE  -  is  a  ceramic  material  characterized  by  a  white  porous  I 

body.  It  is  covered  with  a  low-melting  glaze  in  order  to  improve  its  I 

*! 

impermeability  to  moisture.  It  is  permeable  to  fluids  and  gases.  It  is  j 

widely  used  in  the  manufacture  of  sanitary  engineering  objects,  and 
also  as  a  filter  material.  The  main  properties  of  faience  are:  speci¬ 
fic  gravity  about  2.6 ;  density  1.9-2  g/cm^;  water  absorption  9-12$; 

compression  strength  1000-1100,  tensile  strength  70-120,  and  bending 

P  P 

strength  150-250  kg/cm  ,  modulus  of  elasticity  about  2400  kg/cm  ,  and 

linear  expansion  coefficient  a* 10“^  =  7-8. 

V.L.  Balkevich 
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PAOLITE  —  Is  an  acidproof  plastic  obtained  from  a  resolphenol  for¬ 
maldehyde  resin  with  chrysotlle  asbestos  and  graphite  as  fillers.  Fao- 
lite  is  prepared  by  mixing  the  liquid  resol  resol  resin  with  the  fill¬ 
ers  in  a  two-vane  mixer  at  20° ,  rolling  at  70-90°,  and  calendering;  it 
is  available  either  as  a  crude  faolite  (sheets,  cements,  molding  compo¬ 
sition)  or  as  shaped  objects  (pipes,  fittings,  sheets,  vats,  scrubbers, 
adsorbers,  coolers,  ejectors,  reservoirs,  etc.).  The  objects  made  from 
faolite  are  hardened  and  varnished  by  bakelite  varnish.  The  crude  fao¬ 
lite  is  moldable  at  normal  temperatures  without  applying  high  pressure, 
a  fact  which  makes  it  possible  to  shape  large-size  objects  on  the  spot 
and  to  apply  acidproof  coatings.  Cured  faolite  has  a  specific  gravity 

of  1.5-1*67;  a  specific  resilience  of  not  lower  than  2  kg • cm/cm2,  a 

2 

temporary  bending  strength  of  260-600  kg/cm  ,  a  tensile  strength  of 

2  2 
120-385  kg/cm  ,  a  compression  strength  of  580-900  kg/cm  ,  and  a  shear- 

ing  strength  of  240-250  kg/cm  ;  the  heat  resistance  according  to  Mar¬ 
tens  is  not  lower  than  100°;  the  coefficient  of  linear  expansion  at  20- 
200°  is  2-3*10“^;  the  hea5  conductivity  of  faolite  containing  asbestos 
and  graphite  is  0.90  kcal/m«hr»°C,  and  that  of  faolite  containing  asbes- 
tos  0.25  kcal/m*hr°C;  the  Brlnell  hardness  is  20  kg/mm  ;  it  is  usable 
at  temperatures  up  to  130°.  Faolite  resists  sulfuric  acid  (up  to  a  con- 
centraticr.  of  40$),  hydrochloric  acid  (up  to  37$),  phosphoric,  acetic, 
formic,  lactic,  and  citric  acids  (up  to  70°),  chlorine,  hydrogen  chlor¬ 
ide,  hydrogen  sulfide,  some  solvents  (aniline,  carbon  tetrachloride, 
ethyl  chloride,  benzene,  methylene  chloride,  ethyl  acetate,  etc.), 
chlorinated  hydrocarbons,  mineral  oils,  and  salt  solutions;  it  does  not 

Hl2 


resist  oxidizing  agents  (nitric  and  chromic  acids),  iodine,  bromine, 
pyridine,  alkalis,  alcohol,  and  acetone.  The  curing  of  crude  faollte  Is 
carried  out  in  drying  rooms  within  30  hours  under  the  following  condi¬ 
tions:  6  hrs  at  60-70°;  5  hrs  at  70-80°;  4  hrs  at  80-90°;  3  hrs  at  90- 
100°;  4  hrs  at  100-110°;  5  hrs  at  110-120°;  and  3  hrs  at  120-130°.  Raw 
faollte  sheets  shrink  2#  during  the  curing,  raw  faolite  pipes  shrink 
2-3$.  The  bakelite  varnish  is  applied  on  the  surface  by  dipping  or 
brushing,  the  curing  lasts  10  hours  under  the  following  conditions:  2 
hrs  at  60-70°;  1  hr  at  70-80°;  1  hr  at  80-100°;  1  hr  at  100-110°;  1  hr 
at  110-120°;  2  hrs  at  120-125°,  and  2  hrs  at  125-130°. 

Faolltlzatlon  of  metal  surfaces.  The  metal  surface  is  cleaned  and 
degreased  before  covering  with  faolite.  A  layer  of  bakelite  varnish  is 
applied  on  the  degreased  surface  of  the  object  (a  jacket  or  rotor  of  a 
pump,  a  mixer,  etc.,  for  example),  and  a  cut  out  sheet  of  raw  faolite 
or  a  uniform  layer  of  a  faolite  cement  is  put  on;  the  joints  are  cover¬ 
ed  with  bakelite  varnish,  and  the  gaps  are  filled  with  faolite  cement. 
The  faolitized  object  is  cured  in  the  same  way  as  the  crude  faolite. 

The  cured  objects  are  covered  with  bakelite  varnish,  and  cured  in  the 
same  manner  as  a  varnish  film.  Faolite  sheets  and  faolite  objects  are 
joined  by  means  of  faollte  cements  (with  subsequent  curing)  or  by  means 
of  Arzamit  cements.  Pipes  and  fittings  are  manufactured  with  collars 
and  joined  by  metal  flanges  with  packings.  It  is  not  recommended  to 
join  the  pipes  by  threaded  muffs  because  the  brittleness  of  faolite  ob¬ 
jects  makes  the  threading  difficult.  Faolite  may  be  easily  drilled, 
turned,  planed,  polished  and  sawed  on  the  usual  metal-working  machines. 
Reinforcing  of  the  objects  with  cotton  or  glass  fabric  (textofaolite) 
or  with  high-quality  asbestos  gives  a  faolite  with  an  increased  stabil¬ 
ity.  Faolite  is  often  substituted  for  nonferrous  metals,  especially 
lead,  as  a  structural  material,  surpassing  the  lead  in  the  resistance 
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to  hydrochloric  acid  of  all  concentrations,  and  sulfuric  acid  of  low 
and  middle  concentrations.  The  light  weight  of  faolite,  its  chemical 
stability  and  its  shaping  ability  make  it  suitable  for  use  instead  of 
metal  in  the  construction  of  apparatuses.  Faollte  is  usable  at  higher 
temperatures  than  other  chemically  stable  materials  (rubber,  vlnlplast, 
polyisobutylene,  and  bitumen  materials). 

References:  Yegorov,  I. A.,  Faolit  i  yego  primeneniye  v  khlmiches- 
koy  promyshlennosti  [Faolite  and  Its  Application  in  the  Chemical  Indus¬ 
try],  Moscow,  1956;  Antikorroziynyye  pokrytiya  stroitel'nykh  konstruk- 
tsiy  i  apparatury  [Anticorrosive  Coatings  of  Construction  and  Appara¬ 
tuses],  Moscow,  1959;  Labutina,  A.L. ,  Korroziya  i  sposoby  zashchity 
oborudovaniya  v  proizvodstve  organic heskikh  kislot  i  ikh  proizvodnykh 
[Corrosion  and  the  Methods  of  Protection  of  the  Equipment  in  the  Produc¬ 
tion  of  Organic  Acids  and  Their  Derivatives],  Moscow,  1959;  Afanas'yev, 
P.A.,  Primeneniye  plasticheskikh  mass  v  mashinostroyenii  [Application 
of  Plastics  in  Machine  Building],  Moscow,  1961. 
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FATIGUE  -  Change  In  the  state  of  a  metal  as  a  result  of  multiple 
repeated  (cyclical)  deformation,  which  results  in  Its  progressive  fail¬ 
ure.  The  fatigue  process  Is  divided  intc  two  main  stages,  the  l£t  con¬ 
sisting  of  accumulation  of  Irreversible  changes  which  result  in  the 
formation  of  cracks  and  the  2nd  consisting  of  development  of  these 
cracks.  In  the  first  stage  the  crack  formation  is  preceded  by  accumula¬ 
tion  of  submicros copic  and  microscopic  changes,  which  are  expressed  in 
dislocation  displacements,  vacancy  concentration  and  formation  of  slip 
of  packets  of  automatic  layers  in  crystals  relative  to  one  another. 

This  slip,  which  takes  place  along  crystallographic  planes  with  the 
smallest  shear  resistance,  can  result  in  extrusions,  i.e. ,  the  creeping 
of  atomic  layer  packets  out  from  the  crystal  surface.  The  accumulation 
within  of  the  crystalline  slips,  which  develop  in  individual  crystals 
is  observed  through  a  microscope  in  the  form  of  a  system  of  shear  lines 
and  twins. 

The  irreversible  processes  in  alternating  deformation  are  manifes¬ 
ted  in  the  absorption  of  energy,  which  is  characterized  by  the  elasto- 
plastic  hysteresis  curve,  heat  generation,  and  accumulation  of  local 
residual  stresses.  The  formation  of  slips,  under  cyclical  deformation 
of  monocrystals  arises  at  quite  early  stages,  which  comprise  several 
percents  of  the  number  of  cycles  necessary  for  the  formation  of  micro¬ 
scopic  crocks.  In  polycrystals  the  inhomogeneity  of  irreversible  pro¬ 
cesses  under  cyclical  deformation  is  deepened  by  microinhomogeneity  in 
the  stressed  state  of  the  conglomerate,  which  results  from  the  random 
orientation  of  individual  crystals,  their  structural  defects,  boundary 

ms 


Ill -2002 


aberrations  and  other  Imperfections.  The  initial  stages  of  slip  phenom¬ 
ena  arise  in  individual,  most  stressed  and  weakened,  crystals.  On  fur¬ 
ther  defonn&tion  the  slip  processes  extend  to  increasingly  greater  vol¬ 
umes  of  the  crystalline  conglomerate.  At  the  present  time  no  generally 
accepted  theory  of  fatigue  failure  as  yet  exists.  According  to  one  of 
widely  accepted  theories,  at  a  certain  level  of  cyclical  stress  the  ac¬ 
cumulation  of  slips  results  in  a  zonal  exhaustion  of  the  metal's  abili¬ 
ty  for  further  deformation,  in  its  limiting  workhardening  and  formation 
of  microscopic  failures  in  the  form  of  cracks  which  form  at  points  of 
high  density  of  slip  phenomena.  The  workhardening,  which  extends  to  a 
part  of  the  stressed  volumes  of  the  conglomerate,  is  manifested  in  in¬ 
creasing  the  metal's  resistance  to  plastic  deformation,  i.e. ,  in  in¬ 
creasing  the  hardness  and  yield  strength  (see  Physical  Yield  Strength, 
Conventional  Yield  Strength).  The  process  of  inhomogeneous  elastoplas- 
tic  deformation  of  a  polycrystal  under  repeated  loading  was  simulated 
on  silver  chloride  ("transparent  metal")  and  has  substantiated  the  as¬ 
sumption  of  accumulation  of  plastic  deformations  and  increase  in  the 
residual  stresses  in  individual  crystals  with  accumulation  of  the  num¬ 
ber  of  cycles. 

According  to  other  theories,  the  physical  nature  of  the  fatigue 
process  differs  from  the  nature  of  static  workhardening.  The  formation 
of  microscopic  cracks  under  cyclical  loads  is  regarded  in  this  case  as 
a  process  of  gradual  weaking  of  interatomic  bounds  and  development  of 
irreversible  "damages"  at  specific  sections  of  the  structure  (for  exam¬ 
ple,  at  mozaic  block  boundaries).  The  model  of  inhomogeneous  elasto- 
plastic  deformation  of  the  conglomerate  of  random  oriented  crystals  has 
served  as  a  basis  for  the  theory  of  the  fatigue  process  treated  in  the 
deterministic  as  well  as  in  the  probability  approach.  Under  stresses 
not  exceeding  the  yield  point  of  the  metal  the  fatigue  processes  are 
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related  only  to  local  plastic  deformation  phenomena  which  are  not  mani¬ 
fested  macroscopically,  and  are  regarded  aa  quasielastic.  The  nun&er  of 
cycles  needed  for  fatigue  failure  at  these  stress  levels  are  measured 
In  hundreds  and  of  thousands  and  millions.  At  stresses  exceeding  the 
yield  strength  the  fatigue  phenomena  are  accompanied  by  macroscopic 
plastic  deformations  and  are  regarded  as  e las top las tic.  The  number  of 
cycles  needed  for  failure  in  this  region  Is  measured  in  hundreds  and 
thousands.  Depending  on  the  conditions  under  which  it  takes  place,  the 
fatigue  process  can  also  be  accompanied  by  phase  transformations  in  me¬ 
tals.  Thus,  precipitation  and  redistribution  of  hardening  phases  takes 
place  at  elevated  temperatures  under  alternating  loadlhg,  which  some¬ 
times  results  In  accelerated  weakening  of  the  grain  boundaries,  and  un¬ 
der  prolonged  functioning  fatigue  failure  cracks  form  In  this  case  at 
grain  boundaries.  Physicochemical  transformations  in  the  structure  are 
observed  also  at  room  temperature  under  cyclical  loads  above  the  fa¬ 
tigue  limit.  The  fatigue  failure  stage,  which  is  due  to  crack  forma¬ 
tion,  arises  at  various  stages  of  the  effect  of  alternating  stresses. 

In  the  case  of  high  structural  inhomogeneity  which  is  peculiar,  for  ex¬ 
ample,  of  cast  irons,  the  microcrack  system  Is  formed  at  points  of 
graphite  inclusions  much  before  the  development  of  the  main  crack  which 
results  in  final  fatigue  failure.  In  metals  with  a  higher  structural 
homogeneity,  for  example,  structural  steels,  the  formation  of  individu¬ 
al  micro-  and  then  macrocracks  is  preceded  by  prolonged  accumulation  of 
changes,  and  the  cracks  form  at  relatively  late  stages,  developing  at 
an  increasing  rate. 

The  rate  of  accumulation  of  fatigue  changes  increases  with  an  In¬ 
crease  in  the  variable  stress  level,  for  which  reason  the  number  of  cy¬ 
cles  needed  for  crack  formation  or  for  final  failure  depends  on  the 
value  of  the  stress.  This  relationship,  in  the  form  of  a  fatigue  curve. 
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Is  the  main  characteristic  of  resistance  of  metals  to  varying  stresses 
(see  Endurance,  Total  Fatigue  Probability  Diagram).  Figure  1  represents 
fatigue  ourves  of  various  materials,  which  are  drawn  for  the  end  of  the 
1st  and  ted  stages  of  the  fatigue  process.  The  effect  of  time  on  the 


Fig.  1.  Fatigue  curves  for  steel,  cast  iron  and  aluminum  alloys  on  the 
basis  of  the  start  of  crack  formation  and  of  final  failure.  1)  Aluminum 
alloys;  2)  cast  iron;  3)  structural  steel.  A)  On  the  basis  of  failure; 
B)  on  the  basis  of  the  start  of  crack  formation. 

metal's  resistance  to  mechanical  effects  is  manifested  In  the  effect  of 
the  frequency  of  changes  In  varying  stresses  on  the  fatigue  curve  and 
limits,  1. e. ,  the  number  of  cycles  to  failure  Increases  with  an  In¬ 
crease  in  the  frequency.  Utils  effect  manifests  itself  particularly  un¬ 
der  the  effect  of  high  temperatures,  corrosion  (see  Corrosion  Fatigue), 
as  well  as  of  other  conditions,  which  result  in  a  change  in  state  with 
respect  to  time,  and  then  time,  rather  than  the  number  of  cycles,  be¬ 
comes  the  major  factor  In  failure. 

A  relationship,  characterized  by  the  dependence  of  the  fatigue 
limit  on  the  ultimate  strength,  exists  between  the  fatigue  resistance 
and  static  strength.  In  regions  of  high  strength  values  the  above  rela¬ 
tionships  deviate  from  linearity  and  the  Increase  in  the  fatigue  limit 
Is  slowed  down,  which  is  due  to  the  Increased  effect  of  surface  and 
structure  defects  on  the  coming  about  of  fatigue  failure.  Since  fatigue 
failures  have  their  origin  in  the  region  of  defects  and  these  defects 
are  usually  random  in  character,  the  fatigue  characteristics  are  pecul¬ 
iar  by  their  scattering  which  Is  governed  by  laws  of  probability.  Thus, 
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the  number  of  cycles  needed  for  fatigue  failure  of  a  sufficiently  large 
number  of  specimens  for  a  specified  magnitude  of  variable  stresses  Is 
usually  governed  by  a  normal  distribution  In  logarithmic  coordinates, 
as  this  is  shown  in  Pig.  2,  where  the  accumulated  failure  probabilities 
as  a  function  of  the  cycles  are  plotted  on  a  logarithmic  coordinate 
scale.  As  the  stress  amplitude  Is  decreased,  the  scattering  Is  usually 
Increased,  It  depends  to  a  large  extent  on  the  metal's  inhomogeneity. 

Zn  less  homogeneous  coarsegrained  cast  alloys  It  is  higher  than  In  the 
more  homogeneous  fine-grained  alloys. 

In  static  interpretation,  the  fatigue  strength  is  characterized  by 
a  family  of  fatigue  curves  with  the  failure  probability  as  the  parame¬ 
ter,  as  this  is  described  in  Pig.  3*  The  distribution  of  the  number  of 


Pig.  2.  Curves  of  normal  distribution  of  the  number  of  cycles  to  fail¬ 
ure  as  a  function  of  the  amplitude  of  variable  stresses  for  steels,  in 

2 

logarithmic  coordinates,  l)  t;  2)  kg /mm . 


Pig.  3«  Family  of  fatigue  curves  with  the  failure  probability  P  as  the 
parameter  for  aluminum  alloys,  l)  Kg/nm  . 

cycles  to  failure  has  a  lower  limit,  which  is  caxled  the  sensitivity 
threshold  (with  respect  to  the  number  of  cycles),  i.e. ,  such  a  number 
of  cycles  at  the  given  stress  for  which  the  practical  probability  of 
failure  is  zero.  Patlgue  resistance  is  due  to  the  cifect  of  metal lurgi- 
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cal  factors  and  the  production  process  (see  Mechanical  Properties  Under 
Repeated  Loads).  It  decreases  with  an  increase  In  contamination  by  non- 
metallic  inclusions,  nonuniformity  in  the  distribution  of  alloying  ele¬ 
ments  and  increasing  the  grain  size.  Heat  treatment,  which  reduces  the 
grain  size,  and  Increases  the  static  strength,  has  a  favorable  effect 
on  fatigue  characteristics;  decarburization  of  the  surface  layer  or  ox¬ 
idation  of  grain  boundaries  reduces  it  perceptibly.  A  substantial  ef¬ 
fect  on  fatigue  resistance  is  exerted  by  the  qualify  of  the  machining 
finish  of  the  surface;  it  is  the  higher,  the  more  homogeneous  and 
strong  the  metal  is.  Workhardening,  residual  stresses,  thermal  effects, 
which  arise  on  turning,  milling  and  grinding,  together  with  the  micro¬ 
relief  which  is  thus  formed,  can  reduce  the  numbers  of  cycles  to  fa¬ 
tigue  failure  by  several  orders  of  magnitude,  reduce  the  fatigue  limits 
by  several  tens  of  percents  and  substantially  increases  the  scattering. 
High-strength  steels,  titanium  alloys  and  nickel  heat-resisting  steels 
are  particularly  sensitive  in  this  respect;  to  reduce  the  effect  of  ma¬ 
chining  on  their  fatigue  properties  use  is  made  of  finishing  processes 
which  yield  a  high  surface  finish  and  reduce  residual  stresses  (polish¬ 
ing,  hydrau lie -feed  honing,  vibration  tumbling). 

The  probability  nature  of  fatigue  failure,  which  depends  on  de¬ 
fects  of  the  metal's  structure  and  surface,  is  reflected  in  relation¬ 
ships  governing  similarity  phenomena  for  these  failures.  As  the  volumes 
subjected  to  variable  stresses  increase,  the  probability  of  weakening 
the  material '8  resistance  to  failure  by  more  substantial  defects  and 
their  combination  increases,  the  fatigue  limit  is  reduced  and  the  scat¬ 
tering  is  weakened.  The  effect  of  absolute  dimensions  on  fatigue  prop¬ 
erties  of  a  metal  increases  with  an  increase  in  its  inhomogeneity,  be¬ 
ing  particularly  sharply  manifested  in  cast  and  coarse-grained  struc¬ 
tures.  As  the  probability  of  failure  decreases,  the  effect  of  absolute 
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dimensions  is  reduced,  since,  in  accordance  with  statistical  concepts, 
the  scattering  is  decreased  with  an  increase  in  the  stressed  volumes, 
and  the  fatigue  curves  for  low  failure  probabilities  for  different 
cross-sectional  dimensions  come  closer  together.  Under  complex  stressed 
states  fatigue  failures  for  metals  in  the  ductile  state  are  basically 
determined  by  maximum  or  octahedral  tangential  stresses,  which  fol- 
lowe,  for  example,  from  data  of  fatigue  studies  for  structural  steels. 
The  majority  of  result}  lies  between  the  bounding  hexagonal  of  tangen¬ 
tial  and  ellipse  of  octahedral  stresses.  Failures  for  metals  in  the 
brittle  state  are  determined  by  the  principal  normal  tensile  stresses, 
they  are  situated  nearer  to  the  bounding  square  of  limiting  normal 
stresses.  The  form  of  fatigue  fracture  in  torsion  for  ductile  materials 
shows  that  the  fatigue  failure  originated  along  the  direction  of  action 
of  the  highest  tangential  stresses.  In  brittle  metals  the  crack  origi¬ 
nates  lnmediately  in  the  direction  of  action  of  the  highest  normal 
stresses.  The  crack  development  usually  follows  surfaces  of  highest 
normal  stresses.  Of  significance  to  fatigue  fal lures  is  the  combination 
of  the  variable  and  static  stressed  states,  which  is  characterized  by 


Fig.  h.  Diagram  of  limiting  stresses  for  an  asymmetric  cvcle  for  struc¬ 
tural  steel  in  compression -tension,  l)  2)  A)  Maks;  B)  min; 

C)  ot,  kg/n*n2. 

the  cycle’s  asymmetry,  the  coefficient  of  which  is  the  ratio  of  the 
minimum  anc  maximum  stresses  of  cycle,  taken  algebraically.  The  effect 
of  the  cycle's  asywnetry  is  characterized  by  the  limiting  stresses  dia¬ 
gram  (see  Smith's  Diagram),  a  schematic  of  which,  with  the  maximum  and 
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average  stresses  of  the  cycle  as  coordinates,  is  represented  in  Pig.  4 
for  a  metal  in  the  brittle  state.  For  this  combination  the  role  of  the 
static  component  is  substantial  and  makes  it  possible  to  increase  the 
fatigue  strength  in  the  static  compression  region,  which  is  extensively 
utilized  in  surface  hardening  processes. 

In  the  presence  of  stress  concentration  the  fatigue  failure  is  de¬ 
termined  by  the  maximum  stresses,  by  the  gradient  of  their  distribution 
over  the  cross  section,  as  well  as  by  the  structure  of  the  metal's  in¬ 
homogeneity.  This  follows  from  probability  concepts  about  the  formation 
of  the  fatigue  crack  as  a  function  of  the  stressed  volumes,  the 
stressed  state  level  and  the  scattering  of  properties.  With  a  reduction 
in  the  failure  probability,  for  different  values  of  which  limiting 
stress  surfaces  are  constructed,  the  effect  of  absolute  dimensions  and 
the  gradient  is  weakened.  This  effect  is  also  weakened  with  an  increase 
in  the  structural  inhomogeneity  of  the  metal,  i.e.,  the  metal's  sensi¬ 
tivity  to  stress  concentration  is  reduced. 

Features  peculiar  to  the  metal's  resistance  to  fatigue  damage  are 
characterized  by  accumulation  of  damages  under  the  effect  of  nonsteauy 
regimes  of  variable  stresses,  when  the  amplitude  of  the  latter  varies. 
Assuming  that  the  accumulation  of  damages  is  proportional  to  the  number 
of  cycles  during  which  they  act  at  each  stress  level  and  that  the  pro¬ 
cesses  for  each  interval  of  cycle  numbers  are  independent  of  one  ano¬ 
ther,  this  accumulation  "a"  is  evaluated  by  the  summation  of  cycle  rati¬ 
os  a  =  X^,  where  n^  is  the  number  of  cycles  of  stress  application  with 
the  amplitude  oi  and  is  the  number  of  cycles  according  to  the  start¬ 
ing  fatigue  curve,  which  is  needed  for  forming  the  initial  stages  of 
the  fatigue  crack  or  for  failure  under  the  action  of  stresses  o^. 

The  limiting  state  with  respect  to  the  accumulation  of  fatigue 
damage  in  the  sense  of  forming  a  crack  or  complete  fatigue  failure  is 
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characterized  by  reaching  a  certain  limiting  value  a  *  A,  which  in  gen¬ 
eral  depends  on  both  the  type  of  material  and  the  progress  of  changes 
in  the  variable  stresses,  which  is  characterized  by  the  appropriate 
spectrum.  Secondary  fatigue  curves  are  used  to  characterize  the  resis¬ 
tance  of  metals  to  damage  accumulation  not  only  with  respect  to  the 
number  of  cycles,  but  also  in  terms  of  stresses.  Total  numbers  of  cy- 
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Pig.  5*  Initial  and  secondary  fatigue  curves  for  cast  iron,  drawn  in 
terms  of  maximum  stresses  for  multistep  changes  in  stresses,  l)  Initial 
fatigue  curve;  2)  secondary  fatigue  curve.  A]  Kg/mm2. 

cles  accumulated  at  all  the  stress  levels  which  are  needed  for  crack 
formation  or  failure  are  drawn  on  these  curves  as  a  function  of  the 
magnitude  of  one  of  the  stresses  of  the  spectrum  (for  example,  the  min¬ 
imum  stress),  which  characterizes  its  level.  Upon  transition  from  a 
spectrum  with  one  level  to  a  spectrum  with  another,  all  the  stresses  of 
spectrum  change  proportionally.  Figure  5  shows  the  initial  and  second¬ 
ary  fatigue  curves  for  cast  iron.  The  value  of  the  secondary  fatigue 
strength  follows  from  the  secondary  fatigue  curve.  When  the  damage  ac¬ 
cumulation  is  linear  and  the  same  at  all  levels,  the  left  branches  of 
the  initial  and  secondary  curves  are  parallel. 

Vibrational  processes,  which  result  in  fatigue  failure,  can  be  or¬ 
iginated  by  acoustic  phenomena  and  have  a  wide  sprectrum  of  frequencies 
and  amplitudes  corresponding  to  variable  stresses.  The  metal's  fatigue 
in  this  case  is  called  acoustic  and  is  characterized  by  accumulation  of 
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damage  which  arises  under  conditions  of  imposition  of  vibrational 
stresses,  which  are  described  by  applicable  spectra,  the  parameters  of 
which  can  be  characterized  statistically.  Fatigue  damage  under  non¬ 
steady  -state  variable  stresses  arises  also  due  to  stresses  with  ampli¬ 
tudes  lower  than  the  fatigue  limit,  since  the  damage  which  is  being  ac¬ 
cumulated  in  the  metal  reduces  the  fatigue  resistance  and,  as  this  dam¬ 
age  increases,  the  fatigue  limit  is  reduced,  if  it  is  determined  for 
the  fatigue -damaged  material. 

Under  variable  stresses  which  exceed  the  yield  strength,  the  fa¬ 
tigue  processes  take  place  in  the  elastoplastic  region  (in  the  sense  of 
macrodef ormations )  and  hence  the  deformation  amplitude  can  be  used  for 
describing  the  fatigue  processes,  instead  of  the  stresses.  The  fatigue 
curve  in  this  case  represents  the  relationship  between  this  amplitude 
and  the  number  of  cycles  needed  for  crack  forma, tion  or  failure.  In 
tests  with  a  constant  force  amplitude  the  fatigue  curve  is  drawn  as  the 
relationship  between  the  amplitude  and  the  number  of  cycles  to  failure; 
in  this  case  a  monotonical  accumulation  of  plastic  deformation  is  ob¬ 
served.  The  number  of  cycles  to  failure  in  the  elastoplastic  region  for 
steel  usudly  does  not  exceed  ten-twelve  thousands;  this  region  is 
characterized  as  low-cycle  fatigue.  The  fatigue  resistance  in  the  low- 
cycle  region  is  reduced  with  a  reduction  in  the  frequency.  If  the  cy¬ 
clical  deformations  and  stresses  arise  as  a  result  of  periodic  tempera¬ 
ture  changes,  then  the  low -cycle  failure  periods  are  called  thermal  fa¬ 
tigue.  When  drawn  in  logarithmic  coordinates,  the  relationship  between 
the  deformation  amplitude  and  the  number  of  cycles  is  found  to  be  lin¬ 
ear,  which  corresponds  to  a  power-law  equation  for  the  low-cycle  fa¬ 
tigue  curve  rt  ■  const. 

The  fatigue  failure  process  cam  be  transformed  into  brittle  fail- 
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ure,  since  the  damage  being  accumulated  increases  the  critical  brittle¬ 
ness  temperature  and  aids  in  the  initiation  of  instantaneous  brittle 
failure  cracks,  when  the  metal  is  found  to  be  in  the  region  of  below- 
critical  temperatures  (see  Static  Endurance). 

The  fatigue  characteristics  are  substantially  dependent  on  the 
surface  finish,  absolute  dimensions  and  the  stressed  state,  in  a  number 
of  cases  on  the  frequency.  Hence  in  order  for  results  to  be  comparable 
it  is  necessary  to  perform  test3  on  specimens  of  a  specific  shape  and 
dimensions,  which  are  made  in  accordance  with  a  proscribed  production 
process  (see  Fatigue  Testing).  The  appropriate  requirements  put  to  spe¬ 
cimens  and  fatigue  test  conditions  are  established  by  GOST.  Due  to  the 
substantial  scattering,  which  is  perpendicular  to  fatigue  characteris¬ 
tics,  evaluating  the  reliability  and  comparability  of  the  pertinent  ex¬ 
perimental  data  requires  a  volume  of  tests  which  is  sufficient  for  sta¬ 
tistical  interpretation  of  the  results. 

S.V.  Serensen. 
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[Transliterated  Symbols] 

m  =  t  «=  tekuchest'  *  yield 
mbkc  =  maks  =  makslmum  «=  maximum 
mmh  =  min  *  minimum  «=  minimum 

r0CT  ■  GOST  =  Gosudarstvennyy  obshchesoyuznyy  standard  *  All- 
Union  State  Standard 
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FATIGUE  FRACTURE  -  is  the  surface  of  the  place  of  total  destruc¬ 
tion  of  a  specimen  or  a  working  piece  caused  by  the  development  of  a 
fatigue  crack.  Fatigue  fracture  is  frequently  observable  in  the  case  of 
destruction  of  parts  of  engines  or  constructions.  Fatigue  fracture 
shows  three  characteristic  zones  (Fig.):  1)  the  focus  of  destruction 
(zone  A)  being  the  macroscopic  place  of  the  generation  and  the  initial 
stadium  of  the  development  of  a  crack,  characterized  by  an  intense 
luster  and  a  fine-grained  surface  structure]  2)  the  zone  of  the  proper 
fatigue  development  of  the  crack  (zone  B)  is  characterized  by  luster 
and  a  strain-hardned  surface  due  to  the  repeated  opening  and  closing  of 
the  crackj  3)  the  zone  of  the  final  fracture  (zone  V)  corresponds  to 
the  final  brittle  destruction  of  the  part  and  has  a  more  coarse  surface 
structure.  The  dimensions  and  the  shape  of  the  zones  B  and  V  depend  on 
the  constructive  peculiarities  of  the  specimen,  on  the  load  conditions, 
and  the  magnitude  of  the  stresses]  this  makes  it  possible  to  determine 
in  a  number  of  cases  the  causes  of  the  fatigue  destruction  of  parts  out¬ 
going  from  the  aspect  of  the  fatigue  fractures. 


* 


Fig.  The  char¬ 
acteristic  zones 
of  the  fatigue 
fracture. 


References:  Serensen,  S.V.  [et  al.  ].  Nesushchaya  sposobnost1  i 
raschety  detaley  mashin  na  prochnost'  [The  Carrying  Power  and  Calcula- 
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tions  of  the  Strength  of  Engine  Parts],  Moscow,  1954j  Fridman  Ya.  B. , 
Oordeyeva  T.A. ,  Zaytsev  A.  M. ,  Stroyemye  i  analiz  izlomov  metallov 
[Structure  and  Analysis  of  Metal  Fractures],  Moscow,  i960;  Oding  I.A. , 
Struktumyye  priznaki  ustalosti  metallov  kak  sredstvo  ustanovleniya 
prichin  avarii  mashin  [Structural  Marks  of  the  Fatigueness  of  Metals  as 
a  Mean  to  Determine  the  Causes  of  Engine  Breakdowns],  Moscow  -  Lenin¬ 
grad,  1949. 

M. N.  Stepnov 
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PATIGUE  OF  MATERXAIS  -  reduction  of  strength  with  an  Increase  In 
the  time  during  which  the  material  Is  In  a  stressed  state.  This  phenom¬ 
enon  Is  called  static  fatigue  of  materials  or  time -dependence  of 
strength.  If  the  material  Is  In  a  static  stressed  state,  and  dynamic 
fatigue  of  materials,  if  it  is  subjected  to  cyclical  loads.  Fatigue  of 
materials  Is  the  main  factor  In  determining  the  service  life  of  many 
products. 

The  main  mechanism  of  failure  and  the  relationships  governing  it 
are  the  same  for  dynamic  and  static  fatigue  of  materials,  however.  In 
dynamic  testing  other  specific  processes  such  as  loosening  the  struc¬ 
ture  (polycrystalline  materials),  substantial  overheating  of  the  mate¬ 
rial  at  points  of  overstress  (plastics,  rubbers),  mechanochemical  pro¬ 
cesses,  relaxation  and  aftereffect  phenomena  (rubbers),  adsorption  af¬ 
tereffect  (if  the  failure  takes  place  in  a  surface -active  medium), 
etc. ,  are  superimposed  on  the  main  failure  process.  In  order  to  set  off 
the  complexity  of  dynamic  fatigue  of  rubbers  in  comparison  with  their 
static  fatigue,  the  processes  which  take  place  attendant  to  their  mul¬ 
tiple  deformations  have  been  called  exhaustion. 

Development  of  methods  for  calculating  the  strength  and  service 
life  of  materials  under  various  loading  regimes  in  terms  of  the  time 
dependence  of  the  given  material’s  strength  is  of  tremendous  practical 
Importance.  The  latter  is  determined  relatively  simply  by  experimental 
means,  while  In  the  case  of  dynamic  loads  the  experiments  have  to  be 
repeated  each  time  under  complex  conditions. 

Fatigue  failure  of  plastics  and  metals  is  conventionally  divided 
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into  two  classes:  l)  typically  fatigue  failure,  which  takes  place  under 
loading  frequencies  from  hundreds  to  tens  of  thousands  of  cycles  per 
minute,  with  the  number  of  cycles  to  failure  being  not  less  than 
100,000;  2)  repeated  static  failure,  when  the  number  of  cycles  to  fail¬ 
ure  does  not  exceed  10,000  and  the  frequency  of  load  application  is 
less  than  10  cycles  per  minute.  The  latter  case  is  intermediate  between 
dynamic  and  static  fatigue.  In  addition,  for  metals  it  is  conventional 
to  differentiate  between:  impact  fatigue  failure,  which  is  a  particular 
case  of  typically  fatigue  failure;  corrosion  fatigue  failure,  in  which 
cracks  are  formed  similar  to  carcks  due  to  corrosion  in  an  unstressed 
material,  and  the  oxidized  material,  opening  up  the  cracks,  substanti¬ 
ally  accelerates  the  failure  process;  thermal  fatigue,  which  is  pro¬ 
duced  by  cyclical  temperature  stresses  on  alternating  heating  and  cool¬ 
ing;  fretting  fatigue  failure,  i.e. ,  crumbling  away  of  metal  from  the 
contact  surfaces  of  components  with  substantial  mutual  displacements; 
here  the  surface  is  covered  by  characteristic  "pock  marks." 

The  dependence  of  the  number  of  cycles  to  failure  on  the  magnitude 
of  the  alternating  stress  in  dynamic  testing  of  metals  is  expressed  by 
Veler's  curve  (see  Endurance ) .  The  stress  toward  which  the  curve  tends 
asymptotically  is  called  the  fatigue  limit.  However,  in  certain  cases 
(aluminum  alloys,  very  large  specimens,  corrosion  fatigue  failure)  the 
fatigue  limit  Is  not  observed. 

In  dynamic  testing  of  plastics  their  strength  is  highly  affected 
by  the  heating  up  of  the  material  due  to  hysteresis  losses;  the  temper¬ 
ature  of  the  entire  specimen  does  not  increase  substantially,  however, 
at  points  of  overs tress  the  thermal  effects  can  be  substantial.  As  a 
result,  the  rate  of  microcrack  growth  increases  perceptibly  and  the 
endurance  will  correspond  to  the  endurance  of  the  material  at  elevated 
temperatures.  Hence  the  hysteresis  losses  per  unit  time  and  the  fatigue 
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of  plastic  materials  Increase  with  an  Increase  In  the  test  frequency. 
For  a  moderate  number  of  cycles  to  failure  (high  stresses)  these  ther¬ 
mal  effects  are  less  substantial  and  the  dynamic  endurance  Is  higher 
than  the  static  endurance  at  a  constant  stress ,  which  Is  equal  to  the 
stress  (maximum  for  the  cycle)  In  cyclical  loading.  For  a  large  number 
of  cycles  to  failure  the  endurance  in  dynamic  tests  is,  for  the  afore¬ 
mentioned  reason,  lower  than  the  endurance  In  static  tests. 

In  dynamic  testing  of  rubbers  use  Is  made  usually  of  two  testing 
regimes,  which  correspond  to  two  main  operational  regimes:  l)  regime  of 
constant  maximum  deformations  e-const  and  2)  regime  of  maximum  constant 
loads  or  conventional  stresses  calculated  for  the  initial  cross  sec¬ 
tion,  f-const.  The  first  regime  is  obtained  by  specifying  maximum  swing 
to  the  instrument's  clamp  and  is  accompanied  in  the  testing  process  by 
accumulation  of  "residual"  deformations  of  one  or  another  magnitude  in 
the  rubber  specimen,  depending  on  the  properties  of  rubber  tested,  spe¬ 
cified  maximum  deformation,  stretching  frequency  and  temperature.  The 
maximum  load  per  cycle  is  here,  unlike  the  second  regime,  reduced,  re¬ 
laxing  with  time  to  a  certain  limit.  Hence  for  identical  initial  maxi¬ 
mum  deformations  the  rigidity  of  the  first  regime  is  smaller  than  that 
of  the  second.  The  second  regime  is  obtained  by  using  a  device  which 
makes  it  possible,  after  each  stretching  cycle,  to  select  the  "residu¬ 
al"  deformation  in  such  a  manner  that  a  constant  load  interval  from  0 
to  f  be  achieved  in  the  testing  process.  With  time  the  maximum  deforma¬ 
tion  per  cycle  is  Increased,  unlike  the  first  regime  where  it  is  always 
constant.  Hence,  if  we  compare  both  testing  regimes  for  identical  maxi¬ 
mum  deformations  at  the  end  of  testing,  then  the  first  regime  will  be 
found  more  rigorous. 

The  number  of  cycles  to  failure  N  and  the  nxlmum  deformations  per 
cycle  t  for  both  rubber  testing  regimes  is  related  by:  Ne*  -  C,  where  •> 
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and  C  are  not  frequently  dependent,  and  y ,  lr.  addition,  ic  Independent 
of  the  temperature  and  test  regime.  The  fatigue  of  rubbers  in  dynamic 
testing  is  expressed  by  a  relationship,  similar  to  the  time  dependence 
of  their  strength:  t  ■  Ba“b,  where  the  constant  b  is  independent  of  the 
temperature  and  testing  regime  and  has  the  same  value  as  in  the  time 
dependence  of  rubber  strength;  B  for  static  tests  is  higher  than  for 
dynamic  tests.  The  static  testing  regime  is  more  favorable  for  rubbers 
than  the  dynamic,  although  in  the  first  case  the  material  is  subjected 
to  stresses  for  the  entire  time.  This  is  due,  firstly,  to  complete  re¬ 
laxation  of  overstresses  at  microdefects  under  static  loading  (under 
dynamic  loading  not  enough  time  is  available  for  the  relaxation  to  oc¬ 
cur  during  each  cycle),  and  secondly,  by  mechanochemical  processes, 
which  accelerate  failure  under  cyclical  stretching. 

Cyclical  stresses  accelerate  the  processes  of  rubber  aging  (chemi¬ 
cal  processes  which  proceed  under  the  action  of  oxygen  and  heat  and 
which  result  in  changing  the  structure  and  impairing  the  service  prop¬ 
erties).  In  particular,  this  is  expressed  in  reducing  the  activation 
energy.  A  substantial  role  is  played  by  nonuniformity  of  microstresses 
and  in  the  distribution  of  oxygen.  Inhibitors  and  other  Ingredients  In 
the  rubber.  All  this  results  in  nonslmultaneous  progress  of  oxidation 
processes  in  difference  in  the  character  of  exhaustion  processes  in  va¬ 
rious  parts  of  the  specimen.  By  virtue  of  the  chain  character  of  pro¬ 
cesses,  many  failure  origins  are  formed  on  relatively  moderate  changes 
in  the  specimen's  properties  as  a  whole.  One  of  the  more  specific  mech¬ 
anisms  of  rubber  exhaustion  is  mechanically  activated  exhaustion  of  raw 
rubbers.  However,  exhaustion  of  polymers  is  due  not  only  to  oxidation, 
but  al3o  to  direct  degradation  of  the  polymer  by  the  stresses. 

A  direct  proof  of  the  role  played  by  mechanochemical  processes  is 

the  anomalous  dependence  of  the  endurance  on  the  specimen's  thickness, 
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If  the  rubber  is  poorly  protected  from  aging  processes.  A  well  protec¬ 
ted  rubber  gives  a  normal  scale  strength  effect.  The  reason  for  this 
consists  in  the  fact  that  aging  wil1  in  part  proceed  by  oxygen  which 
diffuses  in  from  the  air.  The  diffusion  rate  in  thin  specimens  is  high¬ 
er  and  the  strength  is  reduced  rapidly. 

During  each  cycle  of  rubber  deformation  a  part  of  the  work  is  con¬ 
verted  into  heat  (hysteresis  phenomenon).  Since  the  thermal  conductivi¬ 
ty  of  rubber  is  low,  in  repeated  deformations  the  heat  generation  due 
to  hysteresis  results  in  substantial  overheating  of  the  material.  This 
is  particularly  dangerous  due  to  the  fact  that  the  rate  of  aging  pro¬ 
cesses  increases  rapidly  with  an  increase  in  the  temperature.  The  tem¬ 
perature  increase  in  multiple  deformations  sharply  reduces  the  fatigue 
strength.  The  internal  friction  almost  always  (with  the  exception  of 
shock-absorbing  devices)  plays  a  negative  role  in  the  service  of  rub¬ 
ber,  since  the  overheating  has  a  negative  effect  not  only  on  the  fa¬ 
tigue  strength,  but  also  on  the  wear  of  rubber  as  well  as  on  the 
strength  of  coupling  between  elements  of  multilayer  constructions. 

Due  to  the  relatively  slower  heat  removal  from  massive  products, 
their  overheating  is  more  pronounced  and  they  break  down  more  rapidly 
^effect  of  the  thermal  scale  factor  attendant  to  rubber  exhaustion). 

The  mechanical  losses  depend  on  the  frequency  and  rate  of  deformation. 
The  losses  for  rubbers  with  fillers  are  greater  than  for  rubbers  with¬ 
out  fillers. 

The  main  effect  on  the  dynamic  fatigue  of  rubbers  is  exerted  by 
the  type  of  raw  rubber  and,  to  a  lesser  extent,  by  the  rubber's  compo¬ 
sition.  Together  with  this,  comparison  of  fatigue  properties  of  rubbers 
made  from  different  rubber  raw  materials  when  changing  from  one  testing 
regime  to  another  can  give  directly  opposite  results,  which  must  be  ta¬ 
ken  Into  account  in  selecting  rubber  for  specific  service  conditions. 
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G.M.  Bartenev. 
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FATIGUE  STRENGTH  -  see  Durability. 
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FATIGUE  TEST  -  is  a  test  in  which  the  specimen  is  loaded  by  alter¬ 
nating  loads.  Fatigue  test  determines  the  fatigue  limit  or  limited  en¬ 
durance  limits,  and  a  large  straggling  of  the  results  of  tests  of  a 
series  of  specimens  occurs.  In  some  cases,  the  ratio  of  the  maximum  of 
cycles  of  alternating  stresses  which  cause  the  rupture  to  the  minimum 
of  cycles  amounts  to  some  tens  for  specimens  tested  on  the  same  level 
of  maximum  stresses.  This  straggling  is  caused  by  the  statistical  na¬ 
ture  of  the  process  of  fatigue  rupture  owing  to  the  microscopical  and 
macroscopical  inhomogeneity  of  the  properties  of  the  specimens  to  be 
tested,  the  inhomogeneity  of  the  diverse  melting  processes  and  of  the 
semifinished  products,  the  imperfection  of  the  technology  of  prepara¬ 
tion  of  the  specimens  and  also  of  the  testing  methods.  The  straggling 
of  the  ultimate  number  of  cycles  caused  by  the  latter  fact  may  be  re¬ 
duced  to  a  minimum  by  improving  the  technique  for  the  preparation  of 
specimens,  and  by  a  careful  adjustment  and  control  of  the  test  machine 
and  an  exact  fixing  of  the  specimens  in  it.  The  method  of  metal  fatigue 
tests  and  also  the  requirements  of  the  equipment  are  standardized  by 
GOST  2860-45. 

The  main  methods  of  loading  in  fatigue  tests  are  the  pure  bending 
or  the  bending  of  a  cantilever  specimen.  Tests  with  asymmetrical  load 
cycles  (asymmetrical  stretching,  joint  effect  of  a  static  stretching 
load  and  an  alternating  bending  load)  are  also  widespread.  Shape  and 
size  of  the  specimen  depend,  as  a  rule,  on  the  type  of  the  fatigue  test 
machine;  the  influence  of  the  specimens  shape  on  the  experimental  re¬ 
sults  must  be  taken  into  account.  Cylindrical  and  flat  specimens  are 
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mostly  widespread.  The  endurance  limit  of  flat  specimens  is  by  5-15# 
lower  than  of  cylindrical  ones.  The  working  part  of  smooth  specimens 
has  either  a  constant  cross  section  (Fig.  1,  a)  or  a  corset  shape  (Fig. 
1,  b).  In  the  first  case,  the  mean  endurance  is  somewhat  lower  as  in 
the  second  case,  owing  to  the  considerable  volume  of  material  exposed 
to  the  action  of  high  alternating  loads.  The  corset  form  of  the  working 
part  permits  to  predetermine  the  point  of  the  fracture.  The  state  of 
the  surface  of  the  specimens  influences  significantly  the  fatigue 
strength  of  the  material.  Scale,  scratches,  machining  traces,  stretch¬ 
ing  residual  stresses,  brands  and  cracks  reduce  strongly  the  endurance 
limit  of  the  material.  Thus,  scale  reduces  the  endurance  limit  of  steel 
to  70#,  raw  machining  to  40#,  grinding  cracks  to  2  times  and  more, 
brands  to  25#.  Therefore,  the  working  part  of  the  specimens  must  be 
free  from  the  above-mentioned  defects.  The  preparation  of  steel  speci¬ 
mens  consists  in  the  following  operations:  turning,  grinding  with  an 
allowance  of  0. 10-0. 15  mm,  heat  treatment,  final  grinding,  and  polish¬ 
ing.  The  machining  of  aluminum  alloys  is  carried  out  after  heat  treat¬ 
ment  in  the  following  order:  raw  turning  with  an  allowance  of  0. 3-1.0 
mm,  finish  turning  in  two  operations  (the  last  shavings  are  taken  off 
with  an  advancing  of  0. 03-0.08  mm/re volution,  a  depth  of  0. 1-0. 2  mm  and 
a  cutting  speed  not  exceeding  15-20  m/sec),  grinding  with  fine-grained 
emery  paper,  and  polishing  with  felt  and  paste  in  longitudinal  direc¬ 
tion.  Specimens  of  plastics  are  prepared  by  pressing  or  machining  for 
the  fatigue  test.  The  pressing  is  carried  out  according  to  the  condi¬ 
tions  given  in  the  TU  for  this  material.  The  conditions  for  the  machin¬ 
ing  depend  on  the  type  of  plastics  and  must  exclude  melting  or  burning 
of  the  surface  layer  of  the  specimen.  Plastics  are,  in  the  fatigue  test, 
as  a  rule,  less  sensitive  to  the  purity  of  the  surface  than  metals.  The 

testing  machines  must  be  examined  and  adjusted  carefully  from  time  to 
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time.  Twist  and  eccentricity,  which  may  effect  supplementary  indeterm¬ 
inable  stresses,  must  be  avoided  when  fixing  the  specimens  in  the  ma¬ 
chine  clamps. 


Pig.  1.  Shape  of  the  working  parts  of  specimens  for  the  fatigue  test: 
a)  With  constant  cross  section;  b)  with  corset  shape. 

A  series  of  8-10  specimens  is  tested  for  the  design  of  a  usual  en¬ 
durance  curve.  When  symmetrical  load  is  applied,  the  first  specimen  is 
tested  at  a  maximum  stress  omakg  =  (0. 6-0.7)  ob  for  steel,  and  omaks  = 
0.5-0. 6)  ab  for  light  alloys.  The  maximum  stress  must  not  exceed  the 
yield  limit  of  the  material.  The  testing  of  a  series  of  specimens  is 
carried  out  diminishing  gradually  the  maximum  stresses  by  3-^  kg/mm 
until  the  next  specimen  withstands  the  basic  number  of  cycles  without 
fracture.  The  maximum  stress  for  the  next  specimen  is  then  taken  by  2 

p 

kg/mm  higher  than  for  the  not  broken  specimen;  the  stress  for  the  sub- 
sequent  specimen  is  then  reduced  or  increased  by  1  kg/mm  ,  respectively, 
depending  on  whether  the  foregoing  specimen  is  broken  or  not.  The  tests 
are  continued  according  to  this  program  until  the  maximum  stresses  of 
the  last  -  broken  and  not  broken  -  specimens  differ  less  than  5&  The 
remaining  specimens  are  tested  in  order  to  define  more  accurately  the 
endurance  limits  euid  some  sections  of  the  fatigue  curve.  Wien  asymme¬ 
trical  cycles  are  applied,  the  testing  of  the  whole  series  of  specimens 
is  carried  out  either  at  a  constant  average  stress  or  at  a  constant  co¬ 
efficient  of  asymmetry  of  the  cycle.  Usually,  che  limit  stress  diagrams 
designed  by  these  methods  do  not  differ  from  each  other.  At  an  asymme¬ 
trical  cycle  of  stresses,  the  first  specimen  is  tested  at  a  maximum 
stress  equal  to  0. 8-C. 9  of  the  yield  limit  of  the  material.  The  testing 


1^37 


1-4013 

of  the  following  specimens  is  carried  out  in  the  same  way  as  in  the 
case  of  symmetrical  cycle.  13-20  specimens  are  tested  on  four  stress 
levels  for  the  design  of  the  whole  probability  diagram,  and  the  results 
are  processed  statistically.  Hie  following  peculiarities  must  be  taken 
into  account  in  the  fatigue  test  of  plastics:  1)  the  specimens  become 
heated  up  to  80-100°  due  to  the  high  damping  properties  of  plastics, 
they  must  be  cooled,  therefore;  2)  the  test  results  carried  out  at 
"fixed  load"  or  at  "fixed  deformation"  differ  essentially  from  each 
other  owing  to  the  relaxation  of  the  statical  and  dynamical  components 
of  the  stress;  3)  it  is  not  expedient  to  use  machines  with  rotating 
specimens  for  the  test  of  anisotropic  plastics.  Such  materials  must  be 
tested  in  machines  with  a  stress-compression  cycle;  4)  the  test  of 
thermoplasts  (without  cooling  of  the  specimens)  by  stress  -  compression 
is  usually  carried  out  at  a  frequency  of  10-15  cycles  per  1  minute, 
and  when  bending  is  applied,  at  a  frequency  of  -  200-600  cycles  per  1 
min;  the  stress-compression  test  of  glas-textolites  and  of  textolites 
is  carried  out  by  a  frequency  of  200-400,  and  in  the  case  of  bending  by 
1000-1500  cycles  per  1  min. 

The  base  for  the  testing  of  steels  is  usually  selected  in  the  range 

of  10  million  cycles.  For  light  alloys,  polymer  materials,  and  also  for 

steels  working  at  high  temperatures  or  in  aggressive  media,  for  which 

the  endurance  curve  lowers  constantly  when  the  maximum  stress  is  reduced, 

the  base  is  selected,  depending  on  the  concrete  requirements,  in  the 
7  3 

range  of  10-10  and  more  cycles. 

Tests  at  raised  or  reduced  temperature  or  under  the  influence  of 
aggressive  media  are  carried  out  to  evaluate  the  fatigue  strength  under 
working  conditions,  changing  programmatically  the  stresses  correspond¬ 
ing  to  the  spectrum  of  loads  which  acts  on  the  piece  in  service,  etc. 

The  fatigue  test  at  high  temperatures  is  usually  carried  out  on 
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special  fatigue-test  machines.  Machines  tire  widespread  in  which  an  al¬ 
ternating  bending  of  the  rotating  or  resting  specimen  is  carried  out* 
Machines  with  a  resting  specimen  and  a  rotating  force  field  (inverse 
machines)  are  the  most  convenient  ones  owing  to  the  facility  of  the 
measurement  of  the  heating  temperature  of  the  specimen.  The  heating  of 

the  specimen  is  carried  out  in  a  tubular  electric  resistance  furnace.  1 

% 

•  j 

The  length  of  the  furnace  muffle  must  be  at  least  3-5  times  so  long  as  \ 

the  working  part  of  the  specimen  in  order  to  secure  a  uniform  heating 
of  the  specimen  along  its  length  and  its  diameter ;  the  pitch  of  the 
electric  winding  of  horizontal  furnaces  is  shortened  on  both  ends.  In 
vertical  machines,  the  winding  pitch  is  usually  most  short  in  the  lower 
part  of  the  furnaces.  The  heating  temperature  is  controlled  by  thermo¬ 
couples,  their  hot  junctions  are  fixed  on  the  specimen  (when  resting 
specimens  are  used)  and  protected  by  asbestos  from  the  direct  effect  of 
the  radiation  heat  of  the  muffle.  The  cold  junctions  are  kept  in  a  ther¬ 
mostat.  Nickel-nichrome  and  chromel-alumel  thermocouples  are  used  for 
temperatures  up  to  900°,  platinum/platinum- rhodium  thermocouples  are 
applied  at  higher  temperatures.  The  temperature  is  controlled  during 
the  test  by  means  of  dilataneter  controllers  or  by  an  electronic  device 
for  which  the  thermocouples  jointed  with  the  furnace  muffle  serve  as 
pickups.  Both  usual  and  special  machines  are  used  for  tests  in  corro¬ 
sive  medium.  The  scheme  of  I.  V.  Kudryavtsev's  fatigue  test  machine  with 
inertial  excitation  for  bending  in  aggressive  media  is  shown  in  Fig.  2. 
Fatigue  tests  at  low  temperatures  may  also  be  carried  out  in  this  ma¬ 
chine.  The  specimen  is  fixed  on  the  one  end  and  surrounded  by  the  cor¬ 
rosion  or  freezing  medium  contained  in  the  vessel.  The  alternating 
bending  load  of  the  specimen  is  achieved  by  the  rotation  of  a  beam  with 
a  nonequilibrium  weight.  The  rotation  of  the  beam  is  realized  by  an 
electric  motor  via  a  flexible  shaft  and  a  fork. 

1*39 


Fig.  2.  Scheme  of  the  fatigue  test  machine  for  tests  in  corrosive  media; 
1}  Electric  motor;  2)  flexible  shaft;  3)  fork;  4)  nonequilibrium  weight; 
5)  beam;  6)  specimen;  7)  vessel. 

Full-scale  tests  of  machine  units  or  of  single  structural  parts, 
caused  by  the  increased  requirements  of  the  operational  reliability  of 
machines  and  the  reduction  of  their  weight,  become  more  and  more  wide¬ 
spread.  Ihe  full-scale  tests  are  carried  out  on  both  usual  and  special 
test  machines  and  stands. 

Besides  the  usual  fatigue  test  machines,  machines  exist  for  fatigue 
test  in  a  complex  stressed  state,  for  contact  fatigue,  for  fatigue 
caused  by  repeated  impact  load,  for  thermal,  acoustical,  etc.  fatigues. 

References:  Serensen  S.  V.  [et  al. ],  Nesushchaya  sposobnost'  i  ras- 
chety  detaley  machin  na  prochnost*  [The  Carrying  Capacity  and  Calcula¬ 
tions  of  the  Strength  of  Machine  Parts],  Moscow,  1954;  Fridman  Ya.  B. , 
Mekhanicheskiye  svoystva  metallov  [The  Mechanical  Properties  of  Metals], 
2nd  edition,  Moscow,  1952;  Uzhi;:  G.  V. ,  Metody  ispytaniy  metallov  i  de¬ 
taley  mashin  na  vynoslivost’  [Methods  of  the  Endurance  Tests  of  Metals 
and  Machine  Parts],  Moscow- Leningrad,  1948;  Ratner  S. I. ,  Razrusheniye 
pri  povtornykh  nagruzkakh  [Destruction  by  Repeated  Loading],  Moscow, 
1959;  Ustalost'  vysokopolimerov  [Fatigue  of  High-Polymers].  [Collection 
of  Papers],  Moscow,  1957. 

M.N.  Stepnov,  V.  S.  Strelyayev 
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FATIGUE  ZONE  —  see  Fatigue  Breaking. 


FELSITE  —  see  Natural  acldproof  materials. 


I' 
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FERRITE  -  is  &  component  of  the  structure  of  iron-carbon  alloys, 
the  solid  solution  of  carbon  in  a  and  6  iron  (see  Iron) . 

Ferrite  is  plastic;  .  possesses  a  high  ductility  (in  the  range  of 

p 

in  tempered  state;  it  is  soft  (65-130  kg/mm  HB,  depending  on  the 
size  of  the  crystals);  it  is  a  strong  ferromagnetic  (up  to  770°);  it 
is  a  relatively  good  conductor  for  electricity  and  heat,  it  has  a  body- 
centered  cubic  crystal  lattice. 


M.L.  Bernshteyn 


FERRITES  -  see  Okslfers  [=  Ferroxcubes ] . 
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FERRITIC  AND  SEMI FERRITIC  STAINLESS  STEELS  are  alloys  of  Iron 
with  chromium  and  other  alloying  elements  with  low  carbon  content 
(0.  l£)  whose  structure  consists  of  ferrite  (ferritic  steel)  and  ferrite 
and  austenite  (semlferritic  steel).  The  position  of  the  boundary  of  the 


Fig.  1.  Regions  of  f  critic  and  semlferritic  type  steel  In  the  Fe-Cr 
system  with  0.1#  C:  s  hardenable  martensitic  steel;  a  +  7  Is  semi- 

ferritic  steel;  a  is  rerritic  steel;  ~  is  the  liquid  phase,  l)  Tempera¬ 
ture,  °C;  2)  chrome,  #. 


TABLE  1 

Chemical  Composition  and  Applications  of  Ferritic 
and  Semlferritic  Stainless  Steel 


Cninb  no 

3.1  aoa- 

| 

^  Coir  pact  mir 

j»;jPMOHTon  (•'.  hc  fm.jof) 

1 

j  npimeHOHiio 

T^CT 

pMapna 

I  C 

1  S| 

Mo 

rr 

Ni 

1  E  .ipynie 

!  3  irwrHTN 

xi 7  5a 

3*1751 

aims 

)  0.12 

o.s 

j  0.7 

18— 18 

1  0,6 

_ 

OOopyaonamie  xii- 

0x1  ;t 

0 .08 

0.K 

j  C  .7 

1  6-18 

Tl>3C.  ao  0 . 8% 

mis  3  ami:  nOcopfini- 

5c 

5d 

6 

OHHUC  O.ilUMK ,  TCn.'lO- 
oOneHMUKii  a:iH  rop«- 

j 

1 

mix  HiiTpuAHUx  rapou  11 
rop«»«n  .noTHoft  huc- 

J1 OT M ,  Gain!  aiH  030T- 
HOfl  KilC.lOYbl  (PT.iab 
0X1  7T  6o-ioc  CToflKan 

X25-  3a 

3*27  1 
3H340  f 
3H439 

B  OTHOineHIMI  MfH<l<pH* 
cxa.i/umioft  Koppoum) 

;  o.i5 

0.15 

1 

\ 

o,« 

0.6 

2  7 — 30 

24-17 

0.6 

0.6 

TI>5C  SO  .8% 

To  H<fp 

llex.ihi°K  Tcpnona- 

P3M.  HOppOSHOHHO- 

cToUxafl  *nnnpaTypa 

x2»m 

3H457  1 
3H657  f 

0,  15 

1 

1 .5 

23—28 

1-1  . 7 

0.18-0,25  N 

IlesHoc  oGopyaon«v 

ya 

Hue  ii  CKa^uHOCToHnne 

ACTijtii 

— 

3H499 

0 .  1  5 

1 

0.5 

27-30 

1-1,7 

0.15-0,22  N 

To  mo 

X25C3H 

_j=Qa . 

3H2HI 

0 . 35 

2.5-3. 

0.7 

23-27 

0. 7-1  .3 

flera/m  ntSHoro 

oSopyaoBumin  noau- 
mcHHoft  npoHHorrit.  . 

1,  Steel  per  COST;  2)  plant  designation;  3)  element  content  (#,  no  more 
than);  4)  applications;  5)  other  elements;  5a)  Khl7;  5b)  EZh;  5c)  OKh- 
1?T;  5d)  El;  6)  to;  7)  chemical  plant  equipment:  absorption  towers. 
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heat  exchangers  for  hot  nltrose  gases  and  hot  nitric  acid,  tanks  for 
nitric  acid  (She  0Khl7T  steel  is  moreresistant  to  intercrystalline  cor¬ 
rosion);  7a)  Kh28;  8)  same;  8a)  Kh25T;  9)  thermocouple  sheaths;  corro¬ 
sion-resistant  equipment;  9a)  Kh28N;  10)  furnace  equipment  and  scale- 
resistant  parts;  10a)  Kh25S3N;  11 )  parts  for  high-strength  furnace 
equipment. 


TAB1£  2 


Mechanical  Properties  and  Heat  Treatment  Regimes  for 
Ferritic  and  Semiferritic  Stainless  Steel 
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1)  Steel;  2)  plant  designation:  3)  mill  product;  4)  GOST;  5)  heat 
treatment;  6)  HB  (dQtpJ  mm);  7)  (kg/mmS);  7a)  Khl7;  7b)  EZh;  8)  sheet; 

9)  rod;  10)  temper  at  air  cool;  10a)  0Khl7T;  10b)  El;  10c)  Kh28;  11 ) 
no  heat  treatment  or  anneal  at;  12)  temper  at  — ,  air  or  water  cool; 

12a)  Kh25T;  12b)  Kh28N;  13)  hot  rolled  steel. 


Fig.  2.  Variation  of  corrosion  rate  of  chrome  steel  in  boiling  nitric 
acid  as  a  function  of  the  number  of  cycles  (25  hours)  and  the  acid  con¬ 
centration:  a)  semiferritic  steel  with  17#  Cr  ando0. 1#  C;  b)  ferritic 
steel  with  27#  Cr  and  0.2#  C.  l)  Weight  loss,  g/m  -hr;  2)  test  cycles. 
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Pig.  3.  Effect  of  heating  175^  chrome  steel  on  corrosion  rate  in  boiling 
nitric  acid  (a)  and  repeated  heating  at  787°  (b ).  Prior  to  heating 
at  787  the  specimens  were  treated  using  the  regime  indicated  in  the 
upper  portion  of  the  figure,  l)  Corrosion  rate,  mm/hr;  2)  after  heating 
at  indicated  temperatures;  3)  after  repeated  heating  at  787°,  4)  heat¬ 
ing  temperature,  °C. 


in  various  media. 


1)  Cor- 


Pig.  5.  Corrosion  resistance  of  the  0Khl7T  and  Khl8N9T  steels  in  nitric 
acid  of  varying  concentration,  l)  Corrosion  rate,  mm/year;  2)  Khl7T;  ^ ) 
Khl8N9T;  4)  temperature,  °C. 
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a  +  y  region  (Pig.  l)  depends  not  only  on  the  chromium  content,  but  al¬ 
so  on  the  carbon  content  and  also  on  the  presence  of  other  ferrite-  and 
austenite -forming  elements.  The  chemical  composition  of  the  steels  of 
these  types  with  an  indication  of  their  application  is  presented  in  Ta¬ 
ble  1  and  the  mehanical  properties  are  given  in  Table  2.  A  typical  j 

semiferritic  stainless  steel  is  the  17*  chrome  steel  Khl7  with  carbon  1 

content  about  0.  1*.  This  steel  has  hirh  corrosion  resistance  in  atmos-  i 

pherlc  condition  an.  In  nitric  acid.  In  hot  (60-70°)  nitric  acid  the 
Khl7  steel  is  resistant  with  said  concentrations  not  over  66*;  the  con¬ 
centration  of  boiling  nitric  acid  must  not  exceed  50-60*)  (Pig*  2).  The 
properties  and  corrosion  resistance  of  the  17*  chrome  steel  depend  on 
tne  structure  and  the  heat  treatment.  With  predominance  of  the  ferritic 
component  in  the  structure,  heating  the  steel  above  850°  leads  to  grain 
rrcwth  and  increased  brittleness.  Subsequent  heat  treatment  of  the 
steei  does  not  eliminate  this  brittleness,  so  that  hot  mechanical  work¬ 
ing  of  the  steel  must  be  terminated  at  lower  temperatures.  Annealing  at 
7c0-800°  after  half-hot  deformation  gives  the  steel  a  fine-grained 
structure  and  quite  satisfactory  mechanical  and  technological  proper¬ 
ties.  With  heating  abov-  1000°  the  semiferritic  steel  acquires  a  heter¬ 
ogeneous  coarse-grained  structure  which  determines  the  high  brittleness 
and  prone ness  of  the  steel  to  intercrystalline  corrosion  (Fig.  3).  Sub¬ 
sequent  heating  at  700-800°  does  not  eliminate  the  coarse -graininess 
and  bri tt  1-  ness ;  how-,  ver,  the  equalisation  of  carbides  which  takes 
place  with  this  heating  facilitate  an  increase  of  the  corrosion  resis¬ 
tance  of  the  Khl7  at* "1.  In  connection  with  this,  the  tendency  of  the 
chrome  st-els  to  intercrystalline  corrosion  which  occurs  in  the  weld 


seam  in  the  zone  affected  by  she  hirh  t empera lures  during  welding  may 
be  eliminated  by  reheating  the  part  to  a  temp  raturo  of  760-780°.  Addi¬ 


tion  of  titanium  (OKhlTT  steel)  reduc  .*  the  amount  of  austenite  at  high 
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temperatures ,  binds  the  carbon  In  titanium  carbides,  somewhat  reducing 
the  grain  growth  during  high  temperature  heating.  Addition  of  titanium 
improves  the  corrosion  resistance  of  the  weld  Joints  in  the  heat  affec¬ 
ted  zone.  The  effectiveness  of  the  titanium  is  noted  only  in  those 
cases  when  all  the  carbon  in  the  steel  is  bound  into  titanium  carbides. 
This  is  achieved  with  a  titanium  content  approximately  6-8  times  great¬ 
er  than  the  carbon  content,  which  makes  the  steel  immune  to  intercrys¬ 
talline  corrosion  in  the  weld  Joint  if  the  testing  is  conducted  in  a 
standard  solution  of  copper  sulfate  with  nitric  acid  (method  A  or  AM, 
GOST  6032-58)*  With  tepfcing  in  boiling  65#  nitric  acid,  weld  specimens 
made  from  the  OKhlTT  steel  show  intercrystalline  corrosion.  The  0Khl7T 
steel  welds  well  with  the  use  of  electrodes  made  from  the  Khl8N9T  steel 
using  electric-arc  and  automatic  argon-arc  welding.  Figure  4  shows  the 
corrosion  resistance  of  weld  specimens  of  the  parent  material  of  0Khl7T 
steel  in  phosphoric  and  acetic  acids ;  in  formic  acid,  which  has  reduc¬ 
ing  properties,  the  corrosion  resistance  is  less.  With  regard  to  corro¬ 
sion  resistance  in  nitric  acid,  the  OKhlTT  steel  is  not  Inferior  to  the 
Khl8N9T  austenitic  stainless  steel,  which  is  easily  seen  from  the  data 
presented  in  Fig.  5. 

A  typical  ferritic  steel  is  the  chrome  stainless  steel  with  25-30# 
chromium  content.  The  275^  chrome  steel  has  better  corrosion  resistance 
in  boiling  solutions  of  nitric  acid  than  the  17#  chrome  steel.  The  high 
chromium  content  also  increases  the  steel  resistance  to  corrosion  in 
solutions  of  sodium  hypochlorite  and  in  sulfuric  acid  (saturated  aque¬ 
ous  solution  of  S02),  in  chemically  pure  phosphoric  acid,  in  an  aqueous 
solution  of  sodium  sulfide.  Witn  heating  above  85O0,  the  ferritic  steel 
acquires  a  coarse-grained  structure  and  associated  brittleness  which 
cannot  be  eliminated  by  heat  treatment  (high -temperature  bi ittleness ). 

A  second  form  of  brittleness  of  the  high  chrome  steel,  caused  by  preci- 
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pltatlon  of  the  lntermetallide  o -phase,  la  noted  on  heating  to  tempera¬ 
tures  of  700-730**  Heating  at  473*  Also  leads  to  steel  brittleness 
which  Is  greater,  the  higher  the  chrome  content.  Satisfactory  mechani¬ 
cal  and  technological  properties  of  the  ferritic  steel  are  obtained  on¬ 
ly  In  those  cases  when  after  hot  mechanical  working  and  short-time  an¬ 
neal  at  760-780*  the  steel  acquires  a  fine-grained  structure.  Cooling 


Fig.  6.  Variation  of  mechanical  properties  of  the  Kh25T  steel  as  a 
function  of  test  temperature,  l)  kg/mm*?;  2)  a^,  kgm/cm*;  3)  a  ;  4)  tem¬ 
perature,  *C.  “ 

TABLE  3 

Mechanical  Properties  of 
Weld  Joints  of  Kh25T  Steel 
(no  less  than) 


l)  Electrode  used;  2)  filler  metal;  3)  weld  Joint;  4)  oK  (kg/imn2);  5) 
Kh25N13  (E3B);  6)  Kh25N5B  (E4o).  d 

after  annealing  should  be  performed  so  that  the  time  the  steel  Is  In 
the  temperature  range  450-520*  will  be  as  short  as  possible.  The  brit¬ 
tleness  of  the  27%  chrome  steel  which  occurs  as  a  result  of  heating  at 
473*  may  be  eliminated  by  means  of  subsequent  heating  at  high  tempera¬ 
tures.  Brittleness  of  the  chrome  steel  may  also  show  up  during  welding, 
particularly  of  massive  parts;  In  this  case  additional  tempering  of  the 
weldments  at  temperatures  of  about  6 OO*  must  be  performed.  The  proces- 
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ses  which  lead  to  the  formation  of  the  brittleness  after  heating  at 
475*  cause  reduction  of  the  corrosion  resistance  of  the  steel,  and  to  a 
considerably  greater  degree  than  after  heating  to  high  temperatures, 
which  is  accompanied  by  precipitation  of  the  a-phase.  The  ferritic 
steel  has  high  resistance  to  oxidation,  even  in  a  medium  of  the  prod¬ 
ucts  of  combustion  of  a  fuel  with  high  sulfur  content  at  temperatures 
to  1100*. 

With  respect  to  strength  at  high  temperature,  the  semiferritic  and 
ferritic  steels  differ  little  from  carbon  steel.  At  800°  these  steels 
have  such  low  high -temperature  strength  that  parts  made  from  them  fre¬ 
quently  bend  under  their  own  weight. 

Perritic  steel  with  titanium  (Kh25T)  has  approximately  the  same 
properties  as  the  25-30JS  chrome  ferritic  steel.  In  spite  of  the  favora¬ 
ble  effect  of  the  titanium,  heating  the  steel  to  high  temperatures 
(above  1000°)  severely  reduces  the  impact  strength  and  somewhat  reduces 
the  ultimate.  Subsequent  heat  treatment  at  76O-78O0  with  water  cooling 
somewhat  reduces  and  does  not  change  an>  Data  on  the  variation  of 
the  mechanical  properties  of  the  Kh25T  steel  as  a  function  of  tempera¬ 
ture  indicate  that  above  600°  the  steel  has  very  low  strength,  but  has 
high  plastic  properties  (Pig.  6).  The  low  resistance  of  the  Kh25T  steel 
to  deformation  makes  it  possible  to  carry  out  rolling  and  piercing  of 
tubing  at  relatively  low  temperatures. 

Metal  which  is  to  be  welded  must  be  used  in  the  as -delivered  con¬ 
dition  or  after  annealing. 

Welding  of  the  Kh25T  steel  is  performed  by  the  electric -arc  method 
with  the  use  of  electrodes  made  from  the  Kh25N13  and  Kh25N5B  steels;  in 
the  first  case  the  E3B  coating  is  used,  in  the  second  -  E40.  The  welded 
parts  can  operate  in  nitric,  phosphoric,  and  acetic  acid  media  at  tem¬ 
peratures  not  over  40-70°. 


1452 


II-46n7 

During  welding,  each  succeeding  seam  Is  performed  after  cooling  of 
the  preceding  seam  to  70-150®  and  hammering  the  slag  to  avoid  cracking 
of  the  parent  metal  in  the  heat-affected  zone.  All  bending,  straighten¬ 
ing,  etc.  operations  associated  with  the  application  of  impact  loads 
should  be  performed  with  preheating  of  the  weld  parts  to  150-250°. 

The  chrome  ferritic  steel  with  25-30#  Cr  may  be  used  as  a  scale- 
resistant  material  to  900-1100°,  and  with  increased  silicon  content  it 
may  be  used  in  a  medium  of  hot  (1150°)  furnace  gases  which  are  rich  in 
sulfur.  Alloying  of  the  high  chrome  steel  with  nitrogen  leads  to  re¬ 
finement  of  the  grain  in  the  initial  condition,  slowing  of  grain  growth 
with  heating,  and  expansion  of  the  y -region. 

Ifte  best  mechanical  properties  of  the  nitrogen -containing  ferritic 
steel  are  obtained  after  quenching  from  1100-1150°.  A  high  combination 
of  the  mechanical  and  technological  properties  is  obtained  in  those 
cases  when  nickel  is  added  along  with  the  nitrogen  (Kh28N  steel).  As  a 
result  of  this,  a  steel  la  formed  with  austenitic  or  austenitic -ferrit¬ 
ic  structure  which  is  close  in  properties  to  the  type  18-8  chrome-nick- 
el  steel. 

References:  Khimushln,  P. P. ,  Nerzhaveyushchiye,  kislotoupomyye  1 
zharoupornyye  atali  (Stainless,  Acid-Resistant,  and  High -Temperature 
Steels),  Moscow -Leningrad,  1940,  2nd  edition,  Moscow,  1945,  3rd  edi¬ 
tion,  Moscow,  1963;  Metallovedeniye  1  termicheskaya  obrabotka  stall 
(Metal  Science  and  Heat  Treatment  of  Steel),  Handbook,  edited  by  M. L. 
Bernshteyn  and  A. G.  Rakhshtadt,  2nd  edition,  Vol.  2,  Moscow,  1962;  Bab¬ 
akov,  A. A.,  Nerzhaveyushchiye  stall.  Svoystva  i  khimicheskaya  stoykost' 
v  razlichnykh  agressivnykh  sredakh  (Stainless  Steels.  Properties  and 
Chemical  Resistance  in  Various  Aggressive  Media],  Moscow,  1956;  Medo- 
var,  B.I.,  Svarka  khromonlkelevykh  i  austenltnykh  Staley  [Welding  of 
Chrome -Nickel  and  Austenitic  Steels),  aid  edition,  Kiev -Moscow,  1958; 
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fcofoute,  W. ,  Ktittner,  C. ,  BUttinghaus,  A. ,  "Arch.  EisenhUttenwesen" 
[Archives  of  Iron  Metallurgy],  1935-36,  9th  term,  page  607;  I*ila,  R. , 
Lena,  A.  J. ,  Kiefer,  G.C.  ,  "Trans.  Amer.  Soc.  Metals,"  1954,  Vol.  46, 
page  197. 

P.  P.  Khimushin 
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FERRITIC  CAST  IRON  —  is  a  cast  iron  with  a  ferritic  structure  of 
the  base,  i.e.,  it  is  characterized  by  an  almost  total  absence  of  com¬ 
bined  carbon,  and  pearlite  and  structurally  free  carbides  in  the  metal 


1)  Component  of  the  structure;  2)  temperature  of  the  magnetic  transfor¬ 
mation  (# C);  3)  maximum  saturation  (gauss);  4)  residual  magnetism 
(gauss);  5)  coercive  force  (oersted);  6)  magnetic  susceptibility 
(gauss/oersted) ;  7)  ferrite;  8)  cementite. 

base.  Ferritic  cast  iron  is  obtained  by  annealing  castings  of  gray 
iron  containing  lamellar  or  spheroidal  graphite  (see  Magnesium-alloy 
cast  iron)  or  such  of  malleable  cast  iron,  and  also  by  alloying  the 
cast  iron  with  silicon  or  aluminum  (see  Scale-resistant  cast  iron. 
Aluminum-alloy  cast  Iron).  Ferritic  cast  iron  with  sperhoidal  graphite 
and  malleable  cast  iron  are  characterized  by  an  increased  plasticity 
and  good  ferromagnetic  properties  (this  does  not  concern  the  scale-re¬ 
sistant  cast  irons,  including  the  aluminum-alloy  cast  iron).  The  char¬ 
acteristics  of  the  magnetic  properties  of  ferrite  and  iron  carbide, 
1-e.,  cementite,  are  quoted  in  the  Table. 

The  following  types  of  ferritic  cast  iron  are  used  in  electrical 
machine  building  for  castings  with  high  ferromagnetic  properties:  gray 
cast  iron  with  lamellar  graphite  (3*25-3*6#  C;  2. 5-2. 9#  Si;  0.4-0. 7# 
Mn;  0. 4-1.0#  P,  up  to  0.12#  S);  high-strength  cast  iron  with  spherold- 
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al  graphite  and  malleable  Iron.  The  2  latter  types  are  preferable  be¬ 
cause  the  spheroidal  graphite  of  the  high-strength  cast  iron  and  the 
floccular  temper  carbon  of  the  tempered  malleable  Iron  have  a  lower  de¬ 
magnetizing  effect  than  the  lamellar  graphite  of  the  gray  iron. 

References :  Levi,  L. I. ,  Elektrotekhnicheskoye  chugunnoye  lit' ye 
[Cast  Iron  in  Electrical  Engineering] ,  in  the  book:  Spravochnik  po 
mashinostroltel'nym  materlalam  [Handbook  on  Machine-Building  Materials], 
Vol.  3 ,  Moscow,  1959* 


A.  A.  Simkin 
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FERROELECTRICS  -  dielectric  materials  exhibiting  spontaneous  polar¬ 
ization  (not  caused  by  an  external  field)  over  a  certain  temperature 
range.  The  Russian  term  for  ferroelectrics  [segnetoelektriki ]  is  taken 
from  Seignette's  (Rochelle)  salt,  which  was  first  found  tc  display  the 
properties  characteristic  of  this  class  of  dielectrics  (anumalously 
high  dielectric  permeability ,  dielectric  permeability  and  dielectric 
losses  markedly  dependent  on  temperature,  field  intensity,  and  frequen¬ 
cy).  Ferroelectrics  are  also  distinguished  by  pronounced  hysteresis  or. 
polarization  by  an  external  field,  by  deformation  on  polarization,  and 
by  a  number  of  other  characteristics.  Spontaneous  polarization  occurs 
in  these  materials  under  the  action  cf  an  internal  field,  resulting 
from  dipole  alignment;  it  is  observed  in  certain  crystalline  substances 
lacking  a  center  of  symmetry  (Rochelle  salt,  barium  titanate,  etc.). 

Ferroelectric  properties  are  detected  in  virtually  all  ionic  (ion¬ 
ic  covalent)  crystals  in  which  a  small  multivalent  cation  is  lcost-ly 
surrounded  by  anions,  so  that  mutual  displacement  and  devel  rrent  cf 


constant  dipole  r.cr.en  s  Is  possible.  The  :e  substances  include  K  TiCy 

SrTiO, ,  PbTlO^,  FbZrCU ,  NaTaCU,  KNbO-,  etc.,  as  well  as  a  number  .  f 
j  3  u  d-  d 

solid  solutions  cased  or.  these  compounds.  Ir.  addition,  the  ferreel me¬ 


trics  include  certain  hydrogen-bended  substances,  such  as  Rochelle  salt 


(C.H.O^KNa-AH^C),  KIUFG.,,  XK,AsOa,  et 

c.  ^  C,  *T 


Developr.er.t  of  spontaneous  polarization  in  Rtcs.-lle  salt  results 


from  mutual  orientation  cf  its  nydrexyl  (OK)  groups,  which  hav 


ve  a  a  1- 


pcle  moment.  fclariza: 


itanates  result; 


d  isplacmer.t 


titanium,  icr.s 


or.  the  center 


the  crystal  cell  and  polar izat  lor: 
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formation)  of  the  oxygen  Ions.  Since  thermal  displacement  in  solids 
occurs  collectively  in  small  volumes,  when  dipoles  develop  in  some 
cells  the  displacement  is  directed  along  the  cells  adjacent  to  the  ex¬ 
isting  dipoles.  The  entire  body  is  divided  into  regions  of  spontaneous 
polarization  (domains),  which  consist  of  crystal  cells  with  identically 
oriented  electric  moments.  Many  such  regions  are  generated,  but  their 
relative  orientation  is  such  that  the  total  electric  moment  of  the  body 
equals  zero.  When  an  external  stress  is  applied  the  dicole  moments  are 
oriented  in  accordance  with  the  external  field  and  the  polarization 
may  reach  very  high  values.  The  dielectric  permeability  e  reaches  10^- 
105. 

The  e  of  ferroelectrics,  like  the  magnetic  permeability  of  ferro¬ 
magnetics,  varies  greatly  as  the  field  intensity  changes.  Ferroelec¬ 
trics  share  with  ferromagnetics  the  hysteresis-loop  character  of  the 
relationship  between  the  voltage  applied  to  the  casing  of  a  ferrocapa- 
cltor  and  the  charge  produced,  which  resembles  the  magnetic-reversal 
curve.  The  time  required  for  polarization  is  markedly  greater  over  the 
ferroelectric  temperature  region  than  at  other  temperatures  and  depends 
to  a  large  extent  on  the  field  intensity.  Use  of  the  term  ferroelec¬ 
trics  is  based  on  these  similarities  to  the  properties  of  ferr  Tiagne- 
tics.  Saturated  polarization  occurs  when  the  dipole  moments  are  almost 
completely  oriented  along  the  field.  Deformation  of  the  specimen  (elec- 
trostrlction)  is  observed  when  spontaneous  polarization  occurs  at  the 
Curie  point  or  when  the  external  electric  field  is  varied.  Polarized 
ferroelectrics  are  piezoelectric  in  the  ferroelectric  temperature  re¬ 
gion,  Losses  in  ferroelectrics  are  due  both  to  leakage  and  to  electro- 
strlctive  deformation .  Such  substances  behave  like  ordinary  dielectrics 
above  and  below  the  ferroelectric  region:  their  domain  structure  disap¬ 
pears  and  e  no  longer  depends  on  E.  The  temperature  at  which  the  transi- 
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tion  from  the  ferroelectric  to  the  nonferroelectrlc  state  occurs  Is 
the  so-called  Curie  point  (9).  This  point  marks  the  transition  from 
one  crystallographic  modification  to  another.  The  Curie  point  is  char¬ 
acterized  by  the  maximum  of  the  dielectric  permeability  versus  temper¬ 
ature  curve.  The  use  of  Rochelle  salt  as  a  ferroelectric  is  extremely 
limited,  since  it  has  low  mechanical  strength,  a  narrow  piezoelectric 
temperature  range,  poor  moisture  resitance,  and  a  number  of  other  draw¬ 
backs.  The  principal  ferroelectric  materials  are  ferroceramics  (see 
Ceramic  radio-engineering  materials),  which  are  characterized  by  suffi¬ 
cient  mechanical  strength,  thermal  stability,  and  moisture  resistance 
and  properties  that  vary  widely  in  accordance  with  their  composition 
and  production  regime.  The  dielectric  permeability  e  of  these  materials 
ranges  from  400  to  20,000  and  may  vary  slightly  or  very  widely  with  the 

field  strength  and  temperature,  but  drops  sharply  at  frequencies  above 

q 

10  cps.  The  tangent  of  the  angle  of  dielectric  loss  is  of  the  order 
of  (20-2000) • 10“^,  decreasing  as  one  approaches  the  Curie  point  and  al¬ 
so  depending  on  the  field  strength.  The  electric  strength  E  =  2-6  kv/ 
/mm. 

The  Curie  point.  9  varies  ranging  from  -  pC C°  (k^po^)  t- 

740°  (WO^).  The  piezoelectric  modulus  diic  reaches  2*10-10  coulombs/ 
/newton  (c/n). 

Ferroelectrics  can  be  divided  into  two  basic  groups  in  accordance 
with  their  properties  and  applications :  l)  materials  exhibiting  a 
slight  nonlinearity  over  the  range  of  working  field  strengths  E  and 
temperatures  T  (Ae  <,  30$)*  They  Include  SK-1  (based  on  BaTiO^),  SK-2 
[(Ba,  Ca,  SrjTiO^],  SM-1  [Ba(Zr,  Ti)03,  (BaPb)(Ti,  Sn)03j,  etc.  These 
materials  are  used  for  light  miniature  capacitors  with  a  high  specific 
capacitance  and  are  produced  in  sheets  (KPS),  disks  (KDS),  and  tubes 
(KPTS).  Preliminarily  polarized  ceramics  of  this  group  are  widely  used 
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as  piezoelements  for  generation  and  reception  of  ultrasound ,  pVzooen- 
sors,  mechanical  filters,  etc.,  since  their  piezoelectric  modulus  is 
rather  high.  For  example,  at  a  coercive  field  strength  E ,  =  25  kv/rnm 
(as  against  Ec  =  5  kv/mm  for  BaTiO^)  the  ferroelectric  (BaQ  ^Pb0  ^ ) 

TiO^  has  an  almost  constant  piezoelectric  modulus  from  room  temperature 
to  90°:  d33  =  (1.3-1.7)- 10“10  c/n  and  d31  =  (6. 6-7- 3) • 10"11  c/n.  This 
material  has  commended  itself  for  high-power  ultrasonic  generators, 
whose  shape  is  to  a  considerable  extent  arbitrary  (e.g. ,  concave  in  or¬ 
der  to  concentrate  power).  The  solid  solution  (PbQ  ^ >  SrQ  y  B1Q  ^) 
Ti03,  with  d31/e  =  (1.2-1. 4)* 1029  CGSE  and  Q  =  280°,  is  distinguished 
by  high  piezosensitivity.  2)  Materials  exhibiting  a  large  nonlinearity, 
so-called  variconds,  whose  capacitance  varies  by  several  hundred  per 
cent  over  the  working  range  of  E  ,  E^,  or  T.  They  are  most  frequently 
formed  during  the  sintering  of  substances  whose  coefficients  of  elec- 
trcstrictlon  differ  in  sign,  e.g.,  BaTiC>3-BaSn03,  BaTiC^-BaZrOy  etc., 
and  are  distinguished  by  low  piezoelectric  moduli.  Polycrystalline 
types  (BK-1,  BK-2,  etc.)  are  usually  used  as  nonlinear  elements;  mono¬ 
crystals  and  very  thin  films,  which  a  greater  nonlinearity  and  a  more 
nearly  rectangular  hysteresis  loop,  are  also  employed.  As  a  result  cf 
the  fact  that  their  capacitance  is  a  nonlinear  function  of  voltage, 
variconds  are  employed  as  dielectric  amplifiers,  frequency  multipliers 
and  dividers,  voltage  stabilizers,  signal  limiters,  dielectric  phase 
inverters,  contactless  switches  (relays),  and  various  elements  of  com¬ 
puter  memories,  as  well  as  for  producing  pulses  in  circuits  supplied 
with  sinusoidal  ac  current,  etc.  ;  the  sharp  variation  in  their  e  with 
temperature  makes  them  suitable  for  use  as  dielectric-thermometer  sen¬ 


sors. 

References:  Kurchatov,  I.V. ,  Segnetoelektrlkl  [Ferroelectrlcs ] , 

Leningrad-Moscow, 1933;  Kazarnovskly ,  D.M.,  Segnetokeramichesklye  kon- 
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densatory  (Ferroelectric  Capacitors],  Moscow-Lenlngrad ,  1  'JjC;  Kentcig, 

V. ,  Segnetoelektriki  L  antlsegnetoelektrlki  [Ferroelectrlcs  and  Antl- 
ferroelectrics ] ,  translated  from  English,  Moscow,  i960;  Verbitskaya, 

T.N. ,  Segnetoelektrilci  [Ferroelectrlcs],  in  book:  Snravnohnik  ^lektro- 
tekhnicheskim  materialam  [Handbook  of  Electrical-Engineering  Materials], 
Vol.  2,  Moscow- Leningrad,  I960;  Segnetoelektriki  [Ferroelectrlcs],  col¬ 
lection  of  articles.  Rostov-on-Don,  1961. 

Sh.Ya.  Korovskiy 
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FERROMAGNETIC  PROPERTIES  -  are  all  the  properties  (characteristics) 
of  a  ferromagnetic  which  characterize  its  magnetic  state  (intensity  of 
magnetization)  in  different  magnetic  fields. 

The  Initial  magnetization  curve  and  also  the  limit  hysteresis 
curve  are  the  most  important  technical  characteristics  of  ferromagne¬ 
tic  materials.  The  magnetization  intensity  (I)  of  a  ferromagnetic  (be¬ 
ing  essentially  in  a  totally  demagnetized  state)  changes  along  the  in¬ 
itial  magnetization  curve  Oa  (see  Fig.)  under  the  action  of  a  gradually 
increasing  magnetic  field.  The  ferromagnetic  obtains  the  magnetic  sat¬ 
uration  Ic  at  a  definite  magnetization-field  intensity  H  ,  and  a  fur- 
ther  increase  of  the  magnetic  field  cannot  increase  its  intensity  of 
magnetization  further.  The  values  of  the  magnetic  field  and  of  the  in¬ 
tensity  of  magnetization  at  which  magnetic  saturation  occurs  are  term¬ 
ed  saturation  field  and  saturation  magnetization,  respectively.  The  in¬ 
tensity  of  magnetization  decreases  in  a  diminishing  magnetic  field  not 
along  :he  initial  curve,  however,  but  along  the  hysteresis  curve  alr- 
The  value  of  the  Intensity  of  magnetization  Ir  at  a  magnetic  fiel  1 
equal  to  zero  is  termed  residual  magnetization.  A  magnetic  field  oppo¬ 
site  tc  the  primary  one  must  be  applied  to  reduce  the  intensity  of  mag¬ 
netization  of  a  ferromagnetic  to  zero.  The  magnetic  field  Nc  at  which 
the  intensity  of  magnetization  becomes  equal  to  zero  is  termed  the  co¬ 
ercive  force  (of  magnetization).  The  section  Ir-H  of  the  hysteresis 
loop  is  termed  "back  of  the  loop."  A  further  increase  of  the  negative 
magnetic  field  involves  a  magnetization  of  the  ferromagnetic  with  the 
opposite  sign,  and  the  Intensity  of  magnetization  -I  is  reached  at 
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the  field  -H  .  The  intensity  of  magnetization  of  the  ferromagnetic 

5 

changes  along  the  lower  s»rt.ion  of  tha  hysteresis  loop  via  the  points 
b,  -I  ,  +H  ,  and  a  when  the  magnetic  field  changes  from  -H„  to  +H„. 

—  F  C  ““  o  o 


Initial  magnetization  curve  and  magnetic  hysteresis  loop. 

The  values  I  ,  H_,  I  and  H„  allow  one  to  represent  the  shape  of 
the  hysteresis  curve  of  a  ferromagnetic  with  an  exactness  which  is  nor 
mally  sufficient.  These  values  depend  on  the  type  of  the  ferromagnetic 
and  are  its  magnetic  characteristics.  According  to  the  value  oi  the  co 
ercive  force  which  characterizes  the  width  of  the  hysteresis  loop,  the 
ferromagnetic  materials  are  subdivided  into  soft-magnetic  ones  with  a 
low  coercive  force  Hc  (permalloy,  transformer  iron,  etc.)  and  rigid- 
magnetic  ones  with  a  strong  coercive  force  (alloys  for  permanent  mag¬ 
nets,  iron  oxide,  etc.).  Structural  steels  may  be  both  soft-magnetic 
steels  (the  steel  grades  st.10  and  st.20,  for  example)  and  rigid-mag¬ 
netic  steels  (cobalt  and  tungsten  steels  in  hardened  state)  depending 
on  the  degree  of  alloying  and  the  type  of  heat  treatment. 

The  terms  flux  density  E  and  permeability  u  are  often  used  to 
characterize  the  magnetization  of  a  ferromagnetic.  The  intensity  of 
magnetisation  I,  the  magnetic  field  intensity  H  and  the  flux  density 
are  connected  together  by  the  function 

B  =  /  +-  4ji/.  (  1  ) 

The  magnetic  permeability 


1^62 
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characterizes  the  connection  between  the  flux  density  and  the  earr^ti 

field  intensity. 

The  form  of  the  B  =  f(H)  curves,  which  characterize.;  the  change  of 
the  flux  density  during  magnetization  and  remagnetization,  is  almost 
similar  to  that  of  the  I  =  f(H)  curves.  A  qualitative  difference  is 
the  fact  that  the  change  of  the  flux  density,  after  the  saturation  is 
reached,  is  characterized  by  an  incline  and  not  by  a  horizontal 
straight  line  (as  the  intensity  of  magnetization  I).  The  saturation 
flux  density  B  ,  the  remanent  flux  density  B  ,  and  the  coercive  force 
gHc  are  also  magnetic  characteristics  of  the  material,  quoted  in  vari¬ 
ous  reference  tables. 

The  value  of  the  magnetic  permeability  p.  determined  by  the  ratio 
of  the  flux  density  B  to  the  corresponding  value  of  the  magnetic  field 
(Eq.  2)  is  termed  total  magnetic  permeability;  the  word  "total"  is  us¬ 
ually  omitted.  Sometimes,  other  varieties  of  the  permeability  are  used, 
the  maximum  permeability  M.mak;s>  for  example,  equal  to  the  tangent  of 
the  slope  angle  of  the  tangent  drawn  from  the  origin  of  coordinates  to 


the  initial  induction  curve;  the  initial  permeability  u  defined  by 

cl 

T3 

the  function  \x  -  lim~,  the  -j.ff.ti ential  permeability  p  .  t,  in  any 
fixed  point  of  the  initial  induction  curve,  defined  by  the  function: 


^dif  AH'  etc’ 

The  ferromagnetic  properties  mentioned  above  characterize  the  be¬ 


havior  of  a  ferromagnetic  in  constant  or  slowly  changing  magnetic 


fields.  In  magnetic  field  alternating  with  a  high  frequency,  the  curves 
of  the  intensity  of  magnetization  or  those  of  the  flux  density  (the 
dynamic  curves)  do  not  more  coincide  with  the  "static"  curves.  In  these 
cases  the  initial  induction  curve  and  also  the  dependence  of  the  total 


losses  (for  the  hysteresis  and  the  eddy  currents)  on  the  flux  density 
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are  used  in  practice;  these  characteristics  are  appliable,  however,  on¬ 
ly  to  the  magnetic  fields  of  the  given  frequency. 

References :  Klfer,  I. I.,  Ispytaniye  ferromagnitnykh  materialov 
[Testing  of  Ferromagnetic  Materials],  2nd  Edition,  Moscow -Leningrad, 
1962;  Chechernikov,  V. I. ,  Magnitnyye  izmereniya  [Magnetic  measurements], 
[Moscow],  19635  see  also  the  References  to  the  article  Ferromagnetism. 

S.M.  Rozhdestvenskiy 
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[Transliterated  Symbols] 
Mane  =  maks  =  maksimal' nyy  =  maximum 
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FERROMAGNETISM  —  Is  the  totality  of  the  properties  of  certain  sub¬ 
stances  which  make  them  capable  to  attain  a  considerably  high  intensity 
of  magnetization  in  relatively  weak  magnetic  fields,  and  also  to  re¬ 
tain  partially  this  magnetization  after  the  external  magnetic  field  is 
removed.  Materials  with  ferromagnetic  properties  (ferromagnetics )  are: 
the  metals  iron,  cobalt,  nickel,  gadolinium,  dysprosium,  and  erbium, 
certain  alloys  of  these  elements  and  their  oxides  (the  Ferrites,  for 
example),  and  also  certain  alloys  of  chromium  and  manganese,  and  a  num¬ 
ber  of  uranium  compounds.  The  ferromagnetic  properties  of  the  substance 
are  present  only  at  temperatures  which  do  not  surpass  the  so-called 
"Curie  point,"  which  is  different  for  the  various  ferromagnetics. 

The  atoms  of  the  elements  with  ferromagnetic  properties  possess 
unfilled  inner  electron  shells,  and  the  ratio  of  the  atom  diameter  in 
the  crystal  lattice  to  the  diameter  of  the  unfilled  sheil  is  greater 
than  1.5*  Under  these  conditions,  the  electron  spins  tend  to  a  paral¬ 
lel  alignment  due  to  the  forces  of  the  so-called  exchange  interaction. 
The  magnetic  interaction,  however,  which  acts  between  the  electrons, 

9 

hinders  the  parallel  alignment  of  the  electron  spins.  Regions,  domains, 
with  a  volume  of  10“  -10“  cm',  res  .It  owing  to  the  counteraction  cf 
the  magnetic  and  the  exchange  Interaction  forces,  and  a  sp^ntanecu, 
magnetization,  caused  by  the  exchange  interaction,  occurs  within  each 
domain.  Adjacent  domains  have  a  different  direction  of  magnetization 
due  to  the  magnetic  Interaction.  Therefore,  the  domains  are  arranged 
in  the  ferromagnetic  body,  which  was  net  ex: osed  to  magnetisation,  in 
a  manner  such  that  the  mean  Intensity  of  magnetization  is  equal  to 
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zero  in  spite  of  the  fact  ‘r.a*  r  •  e  ?  1  -  .n  r  eae . . 

domain  approaches  saturation.  The  mp^.n^tl  za *.  ion  ;f  »r.e  ?>-r.  a  in  coincide 
generally  with  the  so-called  direction  of  the  mod  ra cy  ma^netizacl 1- 
ity  of  crystals.  Thus,  for  example,  the  directions  of  the  most  ready 
magnetizability  of  iron  coincide  with  the  edges  of  the  cubic  lattice. 
The  domains  are  separated  by  transition  interlayers  (with  a  thickness 
up  to  1000  A)  whose  direction  of  magnetization  changes  smoothly  within 
the  thickness  and  coincides  on  the  layer  boundaries  with  the  direction 
of  magnetization  of  the  corresponding  adjacent  domains. 

Under  the  action  of  an  external  magnetic  field,  the  domains  whose 
direction  of  magnetization  is  near  to  the  direction  of  the  magnetic 
field  begin  to  grow  at  the  expense  of  the  domains  whose  direction 
forms  an  obtuse  angle  with  that  of  this  field.  Moreover,  the  interlay¬ 
ers  (or  the  "boundaries")  become  displaced  or  totally  vanish  in  many 
cases.  A  further  increase  of  the  intensity  of  the  magnetic  field  in¬ 
volves  the  next  stage  of  the  magnetization  consisting  in  the  turn  of 
the  electron  spins  in  the  direction  of  the  external  magnetic  field  un¬ 
til  in  total  coincidence  with  it.  A  further  intensification  of  the  mag 
netic  field  cannot  Increase  the  intensity  of  magnetization  of  the  fer¬ 
romagnetic  any  mere;  this  state  is  termed  magnetic  saturation.  A.i  the 
described  phenomena  proceed  in  t.«e  opposite  sense  when  the  externa, 
magnetic  field  decreases;  the  initial  magnetic  structure,  however,  be¬ 
comes  restored  only  partially  even  when  the  magnetic  field  is  witched 
off  totally  because  the  magnetization  and  demagnetization  processes 


involve  energy  losses  for  tne  transition  of  the  interlace 
domains.  This  energy  is  the  greater  tne  more  the  lattice  cf 
magnetic  is  distorted,  and  the  mere  It  includes  various  lm: 
causing  internal  stresses  Thus,  the  residual  magnetization 
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in  alloys  than  in  pure  metals. 
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Ferromagnetism  has  a  great  Importance  for  electrical  engineering, 
radio  engineering,  sound  recording,  automatics  and  other  branches  of 
engineering.  Many  methods  of  nondestructive  testing  (see  Magnetic  test 
lng)  are  based  on  the  phenomena  of  ferromagnetism.  The  peculiarities 
of  the  behavior  of  ferromagnetic  materials  (of  steels,  for  example)  in 
magnetic  fields  must  be  taken  into  account  in  the  design  of  complex  ma¬ 
chines  and  aggregates. 

References:  Vonsovskiy,  S.V.,  Shur,  Ya.S.,  Ferromagnetizm,  Moscow- 
Lenlngrad,  1948;  Yeremin,  N. ,  Yelchin,  P. ,  Magnetizm  v  tekhnike  [Mag¬ 
netism  in  Engineering],  Moscow,  1959;  Kirenskiy,  L.V. ,  Magnetizm,  Mos¬ 
cow,  1963. 

S.M.  Rozhdestvenskiy 
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FERROXDURE  -  see  Okslfers  [=  Ferroxcubes ] . 
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FIBER  -  a  thin,  strong,  easily  deformable  thread  whose  length  ex¬ 
ceeds  substantially  the  very  small  cross  sectional  size.  Fiber  is  di¬ 
vided  into  1)  natural,  of  plant  (cotton,  flax,  jute,  ambary,  Indian 
hemp,  sisal  hemp,  etc;)  and  animal  (wool,  natural  silk)  origin;  2)  chem¬ 
ical,  which  are  subdivided  in  their  turn  into  artificial  and  synthetic. 
The  term  artificial  is  used  to  denote  fibers  obtained  by  chemical  pro¬ 
cessing  of  natural  high-molecular  compounds,  such  as  cellulose  which  is 
produced  from  wood  or  cotton  production  waste  and  its  esters;  of  pro¬ 
teins,  for  example  casein,  which  is  made  from  milk  or  vegetable  pro¬ 
teins  v:hieh  are  extracted  from  soya,  lupine,  etc.  (see  Protein  Fiber, 
Viscose  Cord  Fiber,  Acetate  Fiber,  Cupprammonium  Fiber).  The  term  syn¬ 
thetic  si  used  to  denote  fibers  which  are  produced  from  high-molecular 
compounds  which  are  obtained  by  synthesis  from  elementary  molecules, 
for  example,  from  ethylene,  propylene,  caprolactam,  etc.  [see  Polyamide 
Fiber  (capron,  nylon).  Polyester  Fxber  (dacron,  terylene),  Polyacrilon- 
itrile  Fiber,  Polyolefin  Fiber,  Polypropylene  Fiber,  Polyethylene  Fi¬ 
ber],  Chemical  fibers  are  produced  in  the  form  of  threads  of  infinite 
length  (filament  fiber)  or,  not  unlike  c^tto^  end  wool,  in  the  form  of 
short  cut  fibrils  (staple  fiber).  Fibers  of  inorganic  origin  (Glass  Fi¬ 
ber  and  Asbestos  Fiber)  are  also  known.  Glass  fiber  is  similar  to  cnem- 
lcal  fiber  and  is  obtained  artificially.  The  classification  of  natural 
fibers  is  presented  in  Fig,  1,  of  artificial  in  Figs  2,  1  and  4;  here 
kinds  of  fibers  which  are  of  greatest  significance  to  the  national 
economy  are  framed  with  a  heavy  line  on  the  figure. 

The  world  production  of  the  main  kinds  of  fibers  is  shown  in  Table 
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1. 

The  production  volume  of  the  main  groups  of  chemical  fibers  are 
characterized  by  the  following  data  [%). 


Fig.  1.  Classification  of  natural  fibers  from  natural  high-molecular 
compounds.  1)  Cotton;  2)  flax;  3)  hemp;  4)  jute;  5)  ambary;  6)  sisal 
hemp;  7)  others;  8)  from  keratin  (wool);  9)  from  fibroin;  10)  asbestos. 
A)  Natural  fibers  from  natural  high-molecular  compounds;  B)  from  organ¬ 
ic  hetero-chain  compounds;  C)  from  inorganic  compounds;  D)  from  cellu¬ 
lose;  E)  from  proteins. 
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1}  Fiber;  2)  thousand  tons; 

3)  %  of  total  output;  4)  na¬ 
tural;  5)  cotton;  6)  wool;  7) 
silk;  8)  chemical. 


Fig.  2.  Classification  of  artificial  fibers  from  natural  high-molecular 
organic  hetero-chain  compounds.  1)  Viscose;  2)  cuprammonium;  3)  saponi¬ 
fied  acetate;  4)  acetate  from  di-  and  triacetate;  5)  alginic;  o)  kasein; 
7)  zein;  8)  others.  A)  Artificial  fibers  from  natural  high-molecular  or¬ 
ganic  hetero-chain  compounds;  B)  from  higher  hydrocarbons;  C)  from  poly¬ 
amides  (proteins);  D)  from  hvdrated  celluloid;  E)  from  cellulose  deriva¬ 
tives  (compound  esters,  etc.  );  F)  from  alginic  acid  derivatives;  G)  from 
kasein;  H)  from  zein;  I)  from  other  proteins. 
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Pig.  3»  Classificiation  of  artificial  fibers  from  synthetic  high-molecu 
lar  compounds.  1)  From  polyhexamethylenadipamide  [nylon  (Anid,  etc.)]; 
2)  from  polycaprolactam  [capron  (Perlon,  etc.)];  3)  from  other  polya¬ 
mides  and  their  copolymers;  4)  from  polyethyleneterephthale  [lavsan 
(Terylene,  etc.)];  5)  from  the  hexamethylenediazocyanate  and  tetramethy 
leneglycol  copolymer  (Perlon  V);  6)  from  polyethylene  [Polythene  (Cour- 
lene,  etc.}];  7)  from  polypropylene  (Moplen);  8)  from  polystyrene  (pol¬ 
yfiber);  9)  from  chlorine-containing  [PeTse  V  chlorinated  polyvinyl 
chloride  fiber  (Pe+Tse,  etc.),  Saran];  10)  from  chlorine -containing 
copolymers  with  other  compounds  [vinyl  chloride-vinyl  acetate  copolymer 
fiber  (Vinyon),  saniv  (from  a  vinylidene  chloride  and  acrylonitrile 
copolymer)  etc.;  11)  from  fluorine-containing  (Teflon,  Ptorlon,  etc.); 
12)  from  polyacrylonitrile  [nitron  (Orion,  etc.)];  13)  from  acryloni¬ 
trile  copolymers  (Acrilan,  Verel,  etc.);  14)  from  a  copolymer  of  viny¬ 
lidene  cyanide  with  vynil-acetate  (Darvan);  15)  Vinylon,  etc.  A)  Arti¬ 
ficial  fibers  from  synthetic  high-molecular  compounds;  B)  from  organic 
heterochain  compounds;  C)  from  organic  carbon-chain  compounds;  D)  from 
synthetic  polyamides;  E)  from  polyesters;  F)  from  polyurethans;  G)  from 
hydrocarbons;  H)  from  halogen-derivative  vinyl  compounds;  I)  from  car¬ 
bon  acid  derivatives;  J)  from  polyvinyl  alcohol. 

TABLE  2 

World  Product.  tun  of  Fibers 
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Fig.  4.  Classification  of  artificial  fibers  from  inorganic  compounds. 
1)  Artificial  fibers  from  inorganic  compounds;  2)  from  silicon  com¬ 
pounds;  3)  from  metals,  their  alloys  and  salts;  4)  glass  fiber;  5)  ar¬ 
tificial  basalt  fibers;  6)  others;  7)  metallic. 
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According  to  the  seven-years  plan  of  the  development  of  the  USSR 
economy  it  is  planned  to  increase  the  production  of  chemical  fibers  dur 
ing  the  1958-1965  period  by  a  factor  of  3-4,  including  an  increase  in 
the  more  valuable  synthetic  fibers  by  a  factor  of  11-12,  bringing  the 
production  of  fibers  in  1965  to  680  thousand  tons. 

Chemical  fibers  possess  an  ensemble  of  important  physio-chemical 
properties  which  determine  their  high  service  qualities  in  engineering 
products  (cord,  electric  insulation  materials,  etc.  )  and  in  consumer 
products.  Chemical  fibers  have  a  high  rupture  length.  Of  importance 
under  service  conditions  is  the  fact  that  fibers  should  retain  their 
strength  in  the  wet  state.  As  the  tensile  strength  of  wet  fibers  is  re¬ 
duced,  their  resistance  to  various  deformations  is  decreased.  The 
strength  of  many  synthetic  fibers,  including  polyamide  and  polyester 
changes  very  little  in  the  wet  state  and  some  of  them  do  not  at  all 
lose  strength.  Many  chemical  fibers  are  characterized  by  high  elasti¬ 
city,  which  determines  the  high  resistance  of  the  fiber  to  the  action 
of  cyclic  loads  and  by  absence  of  shrinkage,  which  is  important  for  the 


Fig.  5*  Change  in  the  strength  of  fibers  subjected  to  prolonged  heating. 
1)  Terylene;  2)  Orlonj  3)  natural  silk;  4)  cotton;  5)  nylon;  6)  viscose 
rayon;  7)  acetate  rayon;  8)  wool.  A)  Rlpture  length,  km;  B)  duration  of 
heating,  hours. 

production  of  high-quality  articles.  The  elasticity  of  fibers  varies  in 
the  following  sequence:  caprone  >  wool  >  dacron  >  nitron  >  viscose  fi¬ 
bers  >  acetate  fibers.  The  high  initial  modulus  which  is  determined  by 
the  load  needed  to  elongate  a  fiber  by  1#  of  its  initial  length,  char¬ 
acterizes  the  ease  of  deformation  of  fibers  on  application  of  a  speci- 
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fled  load.  The  higher  the  initial  modulus  the  more  difficult  does  the 
fiber  deform,  which  of  importance  in  the  production  of  tire  cords  and 
other  engineering  products.  ine  resistance  of  chemical  fibers  to  multi¬ 
ple  deformations  and  to  wear  is  also  of  importance.  Polyamide  and  poly¬ 
ester  fibers  have  this  property.  Fibers  used  for  electrical  insulation 
must  have  minimum  hygroscopicity;  this  property  is  peculiar  to  poly¬ 
vinylchloride,  polyethylene,  polypropylene  and  particularly  glass  fi¬ 
bers.  Heat  resistance  is  an  important  indicator  for  chemical  fibers 
which  are  used  in  the  production  of  cord  threads,  electric  insulation, 
etc.  Asbestos  and  glass  fibers  are  most  stable  (up  to  1200-1300°), 
fluorine-containing  vinyl  fibers  are  heat  resistant  up  to  300°,  cellu¬ 
loid  fibers  fail  at  150-160°,  protein  fibers  fail  at  170°,  chloride 
fibers  are  the  least  heat  resistant;  they  melt  at  80°. 

All  fibers  are  typical  dielectrics;  as  the  hygroscopicity  is  in¬ 
creased  the  dielectric  losses  of  fibers  increase  substantially.  The 
electrical  insulation  properties  of  fibers  are  reduced  if  the  polymer 
contains  polar  groups.  Hydrophobic  fibers  which  do  not  contain  polar 
groups  (polyolefin,  dacron,  triacetate,  and  other  fibers)  have  the 
highest  electric  insulation  properties.  Fibers  of  the  carbon-chain 
series  are  sufficiently  resistant  to  the  action  of  alkalis  and  acids. 
Particularly  high  chemical  resistance  is  characteristic  of  Ftorlon, 
Teflon  and  chlorinated  polyvinyl  chloride  fiber.  These  fibers  do  not 
change  for  a  relatively  long  time  under  the  action  of  such  a  strong 
agent  as  aqua  regia.  Hetero-chain  fibers  are  less  resistant  Lc  alkalis 
and  acids.  Celluloid  fibers  are  easily  hydrolired  by  acids,  particularly 
at  elevated  temperatures.  Fibers  which  contain  polar  groups  resist  non¬ 
polar  solvents  and,  conversely,  fibers  which  do  not  contain  polar  groups 
resist  polar  solvents.  As  a  rule,  fibers  are  soluble  in  a  limited  num¬ 
ber  of  solvents.  Natural  and  artificial  fibers  are  susceptible  to  the 
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action  of  micro-organisms,  synthetic  fibers  resist  micro-organisms  and 
are  not  susceptible  to  decay.  The  fineness  of  fibers,  which  is  charac¬ 
terized  by  the  number  of  meters  of  fiber  per  gram,  is  of  importance. 
Porous  chemical  fibers  with  a  high  resistance  to  sound  penetration  and 
a  very  low  specific  gravity  were  obtained  in  the  last  few  years.  Fibers 
with  a  high  thermal  resistance  and  heat-resisting  properties  were  ob¬ 
tained.  An  important  advantage  of  chemical  fibers  it  the  feasibility  of 
rapidly  changing  the  character  of  the  articles  being  produced  in  con¬ 
formance  with  revised  requirements  of  the  national  economy.  Properties 
of  natural  fibers  vary  within  very  narrow  limits,  while  the  properties 
of  chemical  fibers  which  are  produced  from  various  synthetic  polymeric 
materials  and  processed  by  a  variety  of  methods  can  be  changed  within 
very  wide  limits.  Modern  technology  makes  it  possible  to  obtain  chemi¬ 
cal  fibers  with  various  physicochemical  properties  from  different 
starting  products.  An  important  advantage  of  chemical  fibers  is  the 
high  economic  efficiency  and  lower  capital,  operating  and  labor  expendi¬ 
tures  than  in  the  production  of  natural  fibers.  For  the  same  labor  ex¬ 
penditures  chemical  fibers  can  be  obtain  in  greater  quantities  than 
natural  fibers.  Table  3  presents  data  on  the  labor  expenditures  per  ton 
of  fiber. 

A  very  important  economic  advantage  of  the  production  of  artifi¬ 
cial  and  synthetic  fibers  consists  in  the  fact  that  is  developed  by 
processing  chemical  products  which  are  obtained  from  extensively  avail¬ 
able  kinds  of  raw  materials;  it  can  be  organized  in  any  economic  region 
of  the  country.  Various  semifinished  products  (phenol,  xylene,  ethylene, 
propylene,  vinyl  chloride,  and  many  others)  which  are  obtained  in  the 
processing  of  petroleum,  coking  of  coal,  from  natural  and  concurrently- 
produced  petroleum  gases,  whose  extraction  and  production  scales  have 

reached  gigantic  proportions,  serve  as  the  raw  materials  for  the  pro- 
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duction  of  synthetic  fibers.  The  growth  of  the  production  of  chemical 
fibers  in  the  USSR  for  1958-1965  is  given  in  Table  5. 

TABLE  3 

Labor  Expenditures  per  ton 
of  Fiber  (Man-Hours) 


IVWIOKHO 

1 

Itrmt 

H  TOM  III 

^  npua  i-oo 

«iaT|i;iT 

2 

lleXOA- 

HUttl 

CljpMf 

0OjfOI<  IH» 

c 

> 

X.ionox  .6 . 

7IUTypaj!Mihift  me.™ 
Hhchoshoc  nrrane.if,- 
hoc  •omntHo  0  .  . 
9l*HCK03HWi  me^K  .  . 
l  J<anpoHo«uH  meJiiiLQ 
LiilmnejibHoe  sojiokho 

1  HVTpOH  . 

niraiiejiKHoc  bojiokho 

J1BBCSH  •  •  •  •  • 

1  ««o 

35  000 

150 

*00 

1  400 

225 

340 

00 

230 

210 

140 

170 

r.o 

570 

noo 

*5 

170 

1)  Fiber:  2)  total  expendi¬ 
ture  s;  3)  including  for  the 
production  of;  4)  starting  raw 
material ;  5)  fiber:  6)  cc  .ton; 
7)  natural  silk:  8)  viscose 
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staple  fiber;  12)  dacron  sta¬ 
ple  fiber. 


The  net  cost  of  chemical  fibers  is  substantially  lower  than  of 
fibers  of  natural  origin  (see  Table  4). 


TABLE  4 

Comparative  Data  on  the  Net 
Cost  of  Natural  and  Chemical 
Fibers 
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The  use  of  fibers  in  the  national  economy  is  ever-increasingly  ex- 
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panding,  this  being  particularly  true  of  chemical  fibers,  which  are 
used  for  producing  conveyor  belts,  drive  belts,  tires  of  various  pur¬ 
poses,  incombustible  and  chemically  stable  fabrics  for  gasoline  tanks, 

TABLE  5 

Growth  in  the  Production  of 
Chemical  Fibers  in  the  USSR 
for  1958-1965 
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oil  and  gasoline  carrying  hoses,  incombustible  fabrics  for  internal  up¬ 
holstery  of  aircraft,  autobuses,  ships;  light  and  strong  fibrous  mater¬ 
ials  for  parachutes,  filtering  fabrics,  sieves  for  chemical,  metallur¬ 
gical,  food  and  other  branches  of  industry. 

References:  Kukin,  G.  N.  and  Solov'yev,  A. N. ,  Tekstil'noye  materla- 
lovedeniye  [Textile  Materials  Science].  Part  1,  Moscow,  196I;  Rogovin, 
Z.A. ,  Osnovy  khimii  i  tekhnologii  proizvodstva  khimicheskikh  volokon 
[Fundamentals  of  the  Chemistry  and  Technology  of  Chemical  Fiber  Produc¬ 
tion].  2nd  edition,  Moscow,  1957;  Fedorenko,  N.  P. ,  Ekonomika  promysh- 
lennosti  sinteticheskikh  volokon  [The  Economics  of  the  Synthetic  Fibers], 
Moscow,  1961. 

A.  A.  Konkin 
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FIBERBOARD  TUBES  —  see  Fiberboard. 


FIBER  FROM  COPOLYMERS  OF  ACRYLONITRILE  WITH  VINYL  CHLORIDE  AND 
POLYVI N YLI DENE  CHLORIDE  -  synthetic  carbon-chain  fiber  which  is  called 
modified  polyacrylic  fiber  in  the  foreign  literature.  The  fibers  are 
formed  from  acetone-soluble  copolymers  of  acrylonitrile  (40#)  with 
vinyl  chloride  (60#)  these  being  Vinyon  N  fibers  (rayon),  Dynel  (staple 
fiber),  or  vinylidene  chloride  (60#),  these  being  X-51  and  X-54  fibers, 
Creslan  (staple  fiber),  Saniv  (rayon,  staple  fiber).  The  rupture  length 
of  the  fiber  In  the  dry  state  is  30-38,  remains  practically  unchanged 
in  the  wet  state,  since  the  fiber  is  highly  hydrophobic,  at  65#  rela¬ 
tive  humidity  It  absorbs  -  0. 5^  of  its  own  weight  in  moisture;  the  rup¬ 
ture  elongation  is  10-25#;  specific  weight  1.28-1.37;  inflammability  is 
lower  than  that  of  polyacrylic  fibers;  high  chemical  resistance  (sensi¬ 
tive  to  the  action  cf  acetone  and  certain  organic  solvents);  have  a 
heat  resistance  perceptibly  inferior  to  that  o°  polyacrylic  fibers; 
temperature  of  zero  strength  of  fibers  from  acrylonitrile  and  vinyli¬ 
dene  chloride  copolymers  Is  by  10-20#  higher  than  that  of  copolymers  of 
acrylonitrile  with  vinyl  chloride.  A  shortcoming  of  these  fibers  is  lew 
dyeability.  They  are  extensively  used  in  technology  and  in  the  produc¬ 
tion  of  consumer  goods. 

References:  Rogcvin,  Z.A. ,  Osnovy  khimii  i  tekhnelogJi  proizvodstva 
khimichesklkh  volokon  [Fundamentals  of  the  Chemistry  and  Technology  of 
Chemical  Fibers  Production],  2nd  edition,  Moscow,  1?57;  Monkrif f ,  R.  W. 
Chemical  Fibers,  translated  from  Qigiish,  Moscow,  29tSi . 

Yu.  Vs.  Vasil* ye v 
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FIBER  ELONGATION  -  an  Increase  in  the  length  of  a  fiber  upon  de¬ 
formation;  is  usually  expressed  in  percents  of  the  initial  length  of 
the  specime.  A  distinction  is  made  between  reversible  fiber  elongation, 
which  arises  as  a  result  of  resilient  and  elastic  deformation  of  a  pol¬ 
ymer  material  and  is  characterized  by  the  magnitude  of  reduction  in  the 
length  of  a  fiber  or  thread  after  the  load  is  removed  (in  percents  of 
the  specimen's  length  before  testing),  and  irreversible  fiber  elonga¬ 
tion,  which  arises  as  a  result  of  plastic  deformation  and  is  character¬ 
ized  by  the  difference  between  the  specimen's  length  before  and  after 
testing  (in  percents  of  the  initial  length).  The  total  of  reversible 
and  irreversible  fiber  elongation  comprises  the  total  or  entire  elonga¬ 
tion  of  the  fiber  or  thread.  The  fiber  elongation  at  break  is  charac¬ 
terized  by  the  increase  in  the  fiber  length  in  tension  up  to  the  in¬ 
stant  of  rupture.  The  fiber  elongation  at  break  determines  the  maximum 
deformation  of  a  product.  The  elongation  of  a  fiber  or  thread  is  deter¬ 
mined  by  structural  changes  in  individual  fibers,  the  thread  construc¬ 
tion,  the  shape  of  fibers  in  the  thread.  The  fiber  elongation  is  deter¬ 
mined  by  tensile  test  machines  simultaneously  with  strength  measure¬ 
ment,  using  diagram-type  Instruments.  The  magnitude  of  fiber  elongation 
as  a  function  of  the  load  is  depicted  graphically.  Fiber  elongation  is 
also  determined  in  other  kinds  of  tests,  as  well  as  using  special  in¬ 
struments,  i.e. ,  relaxation  meters.  The  fiber  deformation  has  a  clearly 
expressed  relaxational  character.  The  magnitude  of  fiber  elongation  ob¬ 
tained  in  test  on  tensile  testing  machines  depends  on  the  test  condi¬ 
tions  and,  consequently,  it  Is  arbitrary  to  a  certain  extent.  When  de- 
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termlning  the  true  fiber  elongation  corresponding  to  a  given  load  it  is 
necessary  to  take  into  account  the  magnitude  of  the  elastic  afteref¬ 
fect,  i.e. ,  the  deformation  of  the  specimen  which  takes  place  under  the 
effect  of  a  constant  load  for  a  prlonged  period  of  time,  necessary  for 
relaxation  processes  to  take  place. 


V.  A.  Berestnev. 
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FIBER  FROM  FLUORINE-CONTAINING  POLYMERS  -  synthetic  fiber  from 
olefin  polymers  containing  fluorine  in  the  monomer  molecule.  Are  pro¬ 
duced  in  the  USSR  (poligen  and  ftorlon)  and  in  the  USA  (Teflon  and  Tef- 
lon-lOOX).  The  raw  material  for  making  polifen  (and  Teflon)  is  polyte- 
trafluoroethylene  (PTFE),  for  ftorlon  it  is  acetone-soluble  polymers  of 
fluorine  derivatives  of  ethylene,  and  for  Teflon-lOOX  these  are  copoly¬ 
mers  of  tetrafluoroethylene  (TFE)  and  hexacluoropropylene  (GFP).  PTFE 
is  not  soluble  and  does  not  swell  in  any  of  the  known  solvents  (and  also 
does  not  melt  and  does  not  soften  without  decomposition),  for  which 
reason  Teflon  (polifen)  is  formed  from  colloidal  water  dispersions, 
while  Teflon-lOOX  is  formed  from  a  melt  and  the  ftorlon  fiber  is  formed 
by  the  wet  method  from  acetone  solutions.  Teflon  is  produced  in  the  form 
of  monofiber,  filament  and  staple  fiber  (Ngl  1400-1500);  ftorlon  is  made 
in  the  form  of  filament  fiber  (Ne^  6000-30,000);  Teflon-lOOX  is  formed 
as  monofiber.  Fibers  from  fluorine  containing  polymers  are  character¬ 
ized  by  very  high  chemical  resistance  (PTFE  fibers  are  resistant  to  the 
action  of  concentrated  solutions  of  alkalis,  boiling  aqua  regia,  nitric 
acid,  strong  oxidizers  and  hydrofluoric  acid).  They  are  destroyed  by 
molten  alkaline  metals;  ftorlon  up  to  100°  is  resistant  to  aqua  regia, 
nitric  acid  and  to  other  oxidizers,  it  is  resistant  to  alkalis  at 
standard  temperatures  and  to  the  action  of  aliphatic  and  aromatic  hy¬ 
drocarbons;  it  is  soluble  in  ketones  (acetone,  cyclohexanone,  etc.  )  and 
swells  in  chlorinated  hydrocarbons.  Fibers  from  fluorine -containing  pol¬ 
ymers  have  a  high  resistance  to  outside  weather  (higher  than  that  of 
polyacrylonitrile  fibers),  heat  resistance  (PTFE  fibers),  strength 

1482 


I-54vl 

(ftorlon),  incombustibility  and  noninflammabllity,  high  electric  insu¬ 
lation  properties,  perfect  hydrophobic  nature.  A  disadvantage  of  these 
fibers  is  their  high  specific  weight  and  high  cost.  Following  are  the 
comparative  physicochemical  and  mechanical  properties  of  Teflon,  poli- 
fen  and  ftorlon  (numbers  in  parentheses  pertain,  respectively,  to  poli- 
fen  and  ftorlon):  the  structure  of  all  the  fibers  is  crystalline;  spe¬ 
cific  weight  of  Teflon  2. 1-2. 3  (2. 2-2. 3,  1.96),  working  temperatures 
region  for  Teflon  is  -150+270°  (-150+270°,  -80+120°),  the  moisture  con¬ 
tent  under  standard  conditions  and  at  95%  relative  humidity  for  Teflon 
and  polifen  is  0  and  for  ftorlon  0. 04%;  the  softening  temperature  for 
Teflon  is  327°  (320-326,  132-136),  shrinkage  in  boiling  water  for  all 

o 

these  fibers  is  0;  dielectric  permeability  at  60-10  cps  for  Teflon  is 
1. 9-2.2  (1.9-2. 2,-);  specific  volume  resistivity  of  Teflon  is  lO^-lO1^ 
ohm-cm  (lO^-lO1^,  -),  the  breakdown  voltage  for  Teflon  is  25-27  kv/mm 
(25-27,  — ),  the  heat  resistance  of  Teflon  and  polifen  is  very  high 
(they  can  be  used  for  several  minutes  at  315°).  When  held  at  a  tempera¬ 
ture  of  260°  for  300  secs  the  shrinkage  comprises  only  20%,  after  heat¬ 
ing  at  2o0°  for  8  days  the  strength  drops  by  25-30%,  at  a  temperature 
above  330°  it  decomposes  with  attedant  liberation  of  poisonous  vapor; 
the  heat  resistance  of  ftorlon  is  much  lower.  The  mechanical  properties 
do  not  change  up  to  the  temperature  of  120°,  in  tension  it  withstands 
prolonged  heating  up  to  145°;  ftorlon  is  dyed  in  the  mass  by  acetone 
soluble  dyes.  The  rupture  length  of  Teflon  is  15.3  ton  (5-7,  46-55).  The 

p 

ultimate  tensile  strength  is  35  kg/mm  (11. 5-lo. 1,  9O-IO8).  The  elonr 
tlon  of  Teflon  is  13%  (15-40,  6-9).  The  strength  and  elongation  of  ax. 
the  fibers  does  not  change  in  the  wet  state.  Tne  initial  modulus  of 
elasticity  for  Teflon  is  320  kg/mm2  (102,  1500).  Fabrics  with  fluorine- 
containing  polymer  fibers  are  a  base  and  are  used  in  the  chemical  in¬ 
dustry  for  filtration  of  aggressive  fluids  and  gases,  for  the  produc- 

1483 


I-54v2 

tion  of  protective  clothing,  as  packing  material  for  packing  glands, 
gaskets  and  other  products  working  in  highly  aggressive  media. 

References:  Sigal,  M.  B.  [et  al.  ],  "KhV"  [Chemical  Fibers],  No.  2, 
page  3#  1959;  Zazulina,  Z.A.  Yakovleva,  1. 1.  and  Rogovin,  Z.A. ,  "Nau- 
chno-issledovatel'nyye  trudy  Moskovskogo  tekstil'nogo  instituta"  [Scien¬ 
tific  Research  Transactions  of  the  Moscow  Textile  Institute].  Vol.  18, 
page  71,  1956;  Zazulina,  Z.A. ,  Martsinkovaya,  R. N.  and  Rogovin,  Z.A. , 
"TP,1'  No.  5,  1957;  Dodonov,  '  T.  and  Zazulina,  Z.A.,  "KhV, "  No.  4,  i960; 
Demina,  N. V.  [et  al.  ],  "KhV,"  No.  5*  page  40,  i960. 

Z.A.  Zazulina 


FIBER  FROM  POLYVINYL  ALCOHOL  -  synthetic  fiber  from  water-soluble 
polyvinyl  alcohol  with  a  linear  structure.  It  is  produced  in  the  form 
of  filament  thread  and  staple  fiber  under  various  names:  Vinylon,  Kura- 
lon,  Gremona,  sovlnol,  Vinyl,  FO  Vinol,  monrew,  Mewlon,  Kanebian,  Viny- 
lan,  etc.  The  fiber  is  obtained  by  wet  spinning  from  water  solutions  in 
a  brine  bath.  To  convert  the  water  soluble  into  a  nonwater  soluble  fi¬ 
ber,  it  is  heat  treated  at  200-260°  \ith  subsequent  acetylation  by 
formaldehide.  FO  Vinol,  which  is  a  high-strength  and  high-modulus  poly¬ 
vinyl  alcohol  fiber  with  a  stereoregular  structure,  is  spun  from  the 
melt  in  the  presence  of  a  moderate  quantity  of  solvent  with  subsequent 
drawing  and  heat  treatment. 

The  physicochemical  and  mechanical  properties  of  the  fiber.  The 
structure  is  crystalline,  specific  weight  of  standard  fiber  1.26-1.27, 
of  stereoregular  fiber  1.32-1.34,  moisture  content  under  standard  con¬ 
ditions  4. 5-5$,  at  95#  relative  humidity  8#,  at  100#  relative  humidity 
12#;  softening  temperature  220°,  melting  temperature  232-237°,  shrinkage 
in  boiling  water  0-2#,  high  heat  resistance  (at  215°  it  shrinks  by  13#, 
retains  50#  of  its  strength  up  to  190°,  softens  and  yellows  at  220°); 
specific  volume  resistivity  1.  3*  10^  ohm-cm.  Resists  decay  micro-organ¬ 
isms,  high  light  resistance  (after  irradiation  by  the  PRK-2  lamp  for  30 
hours  it  loses  25#  of  its  strength).  Resists  the  effect  of  outside 
weather  (the  strength  does  not  change  after  100  days),  the  action  of 
chemical  substances  (15#  phosphoric  acid,  glacial  acetic  and  butyric 
acids;  cuprammonium  solution,  pyridine,  alcohols,  chlorinated  hydrocar¬ 
bons,  carbon  disulfide,  petroleum  ether,  kerosene,  castor  and  mineral 
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oils),  greases  and  sea  water.  It  is  soluble  in  20#  hydrochloric,  con¬ 
centrated  phosphoric,  35#  sulfuric  and  80#  formic  acids;  it  is  dye-able 
by  substantive,  naphthenic,  sulfur  and  indanthrene  dyes,  by  aeotato*- 
fiber  dyes,  etc.  The  rupture  length  of  standard  fiber  is  27-63  km,  of 
stereoregular  fiber  80-100  km  (numbers  in  parentheses  for  the  subse¬ 
quently  enumerated  indicators  pertain  to  stereoregular  fibers);  strength 
loss  in  the  wet  state  10-15#,  in  the  loop  20-25#,  ultimate  tensile  s 
strength  3^-80  kg/mm2  (105-130);  elongation  in  the  dry  state  16-30# 
(8-10),  in  the  wet  state  20-40#  (13-18),  elasticity  in  2#  elongation 
65#,  in  3#  elongation  55#*  in  5#  elongation  43#,  in  10#  elongation  33#; 
initial  modulus  of  elasticity  250-1100  kg/mm  ;  by  its  wear  resistance 
it  exceeds  the  majority  of  chemical  fibers  but  is  Inferior  to  polyamide 
fibers.  It  is  used  for  making  fishing  nets,  rope,  upholstery  fabrics, 
carpets,  silk  fabrics  and  knitwear,  clothing  fabrics  (mixed  with  wool) 
and  other  products.  Water  soluble  polyvinyl  alcohol  fibers  are  used  as 
surgical  thread. 

References:  Ushakov,  S. N.  [et  al. ],  "Knv, "  No.  4,  1959;  Ushakov, 

S. N. ,  Sinteticheskoye  volokno  iz  polivinilnogo  spirta  [Synthetic  Fibers 
from  Polyvinyl  Alcohol].  Leningrad,  1959;  Rogovin,  Z.  A. ,  Osnovy  khirnii 
i  tekhnologii  proizvodstva  khimicheskikh  volokon  [Fundamentals  of  the 
Chemistry  and  Technology  of  Chemical  Fiber  Production].  2nd  edition, 
Moscow,  1957- 

Z. A.  Zaculina 


lhB6 


FIBROIAN  -  see  Protein  fiber. 
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FIBROUS  METAL  CERAMICS  —  metal  ceramic  material,  consisting  of 
pieces  of  thin  metal  fibers  in  the  form  of  wire  not  more  than  9C-70 
microns  in  diameter  and  3-10  ram  long.  Fibrous  metal  ceramics  are  ob¬ 
tained  by  felting  the  metallic  fiber,  whose  suspension  in  a  viscous 
fluid  (for  example,  in  glycerine)  is  then  sucked  through  a  perforated 
bottom  of  an  appropriate  vessel,  and  then  felt  thus  obtained  is  then 
slightly  compressed  and  sintered.  Use  is  made  of  aluminum,  copper, 
nickel,  stainless  steel  and  other  fibers. 

The  characteristic  features  of  fibrous  metal  ceramics  are:  high 
porosity  and  higher  strength  in  comparison  with  powdery  metal  ceramics 
with  the  same  porosity.  Fibrous  metal  ceramics  are  used  to  produce  ar¬ 
ticles  in  the  form  of  strips,  liners,  etc. 

Properties  of  Fibrous  Metal  Ceramics 
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1)  Properties;  2)  unit  of  measurement;  3)  property  indicators;  u)  ma¬ 
terials  from  aluminum  fibers;  5)  materials  from  copper  fibers;  6)  ma¬ 
terials  from  stainless  steel  fibers;  7)  porosity;  8)  specific  weight; 

9)  g/cmo;  10)  kg/mrc2. 

Fibrous  metal  ceramics  have  not  come  into  industrial  use;  prospects 
exist  for  their  utilization  as  sound  insulation  and  filtering  materials. 

References:  "Materials  and  Methods,"  Vol.  *2,  N’o.  3,  pages  96-96, 
1955*  V.  S.  Rakovskiy 
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FIBROVYL  -  see  Polyvinyl  chloride  fiber. 
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FILM  MATERIALS  -  thin,  flexible  sheet  materials  of  natural  (the 
membranes  of  animal  bladders,  intestines,  etc.)  or  synthetic  (polysty¬ 
rene,  polyamide,  etc.)  origin.  They  cam  be  organic  or  Inorganic  (see 
Glass  film  and  Aluminum  foil). 

Organic  film  materials  differ  from  cloth  in  their  lack  of  poros¬ 
ity,  higher  moisture  resistance,  and,  often,  gas -impe rmeab L 1  ity .  The 
electrical-insulating  characteristics  of  these  materials  (especially 
their  electrical  strength)  are  higher  than  those  of  clo^h  based  cn  the 
same  polymer.  Films  are  substantially  cheaper  than  clotn  and  are  conse¬ 
quently  often  suitable  replacements  for  cloth  and  lacquered  cloth.  The 
majority  of  organic  films  are  transparent.  Synthetic  films  are  produced 
from  thermoplastic  polymers  by:  a)  pouring  a  polymer  solution  onto  a 
smooth  metallic  surface  and  permitting  the  solvent  to  evaporate  (cellu¬ 
lose  ester  films);  b)  pouring  and  melting  a  polymer  on  a  smooth  metal¬ 
lic  surface  (polyamide  films);  c)  pressing  tubes,  which  are  immediately 
Inflated  with  compressed  air;  or  forcing  the  polymer  through  a  slit  die 
(polyethylene  and  polystyrene  films);  d)  calendering  a  plasticized  pol¬ 
ymer  (vinyl  plastic  film);  d)  mechanical  cutting  of  a  thin  film  (ve¬ 
neer)  from  a  blank  and  subsequent  calendering  (polytetrafluoretnylene 
films);  f)  coagulation  of  polymer  solutions  (cellophane),  etc.  Such 
films  are  generally  0.01-0.1  mm  (less  frequently  0.002-0. mm)  thick. 

Film  materials  are  often  characterized  by  a  high  degree  of  crys¬ 
tallinity  and  orientation  of  their  molecules  in  the  direction  of  exten¬ 
sion  during  production.  This  gives  them  high  strength  in  the  extension 
direction  (up  to  50-300^  higher  than  the  strength  ef  ar.^rpheur  materi- 


Physicochemical  Characteristics  of  Certain  Film  Materials 
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als  based  on  the  same  polymers).  Such  an  Isotropic  film,  while  having  a 
high  ultimate  tensile  strength,  are  very  susceptible  to  transverse 
tears.  Cracks  formed  at  the  edge  of  the  film  readily  propagate.  In  or¬ 
der  to  avoid  this  cloth  underlayers  are  sometimes  glued  to  the  film, 
biaxial  extension  is  employed  during  production,  or  the  sheet  is  doub¬ 
led,  i.e.,  films  oriented  in  different  direction'  are  glued  one  on  top 
of  the  other.  Oriented  films  often  exhibit  shrinkage  and  relaxation, 
especially  on  heating,  i.e.,  become  partially  or  completely  amorphous. 

Film  materials  are  used  for  insulating  capacitors,  leads,  (e.g. , 
of  the  LPL  type),  and  electrical  machinery  and  equipment,  or  sounding 
balloons,  photographic  and  movie  film,  magnetic  tape,  and  insulating 
tape,  as  a  packing  and  decorative  material,  etc.  The  principal  charac¬ 
teristics  of  film  materials  are  shown  in  the  table. 

Sh.Ya.  Korovskiy 
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FILTER  FABRICS  -  are  used  for  removal  of  mechanical  impurities 
from  liquids;  for  obtaining  a  fine  suspension  when  filtering  viscous 
fluids;  trapping  finely  divided  solid  substances  and  dust  from  gases. 

In  the  latter  cases  filter  fabrics  aid  in  creating  healthy  working  con¬ 
ditions  and  elimination  of  atmospheric  contamination.  In  many  branches 
of  Industry  fabrics  from  fibers  of  vegetable,  animal,  mineral  and  chem¬ 
ical  origin  are  used  for  filtration.  Filter  fabrics  are  made  in  the 
form  of  cloth  and  hoses  with  various  strength,  porosity  and  weight.  The 
selection  of  a  filter  fabric  type  depends  on  the  character  and  proper¬ 
ties  of  the  substance  being  filtered,  requirements  put  to  the  filtrate 
and  sediment,  the  mechanical  strength  of  the  fabric,  its  ability  to  re¬ 
sist  various  chemical  and  thermal  effects,  its  prices,  filter  designs, 
etc. 

Cotton  fabrics,  which  are  comparatively  cheap,  have  a  sufficient 
strength  in  low -aggressive  and  neutral  media  and  which  can  be  properly 
cleaned  by  washing  have  come  into  the  most  extensive  use  as  filter  fab¬ 
rics;  their  service  life  in  aggressive  media  does  not  exceed  8-30 
hours . 

Burlap  fabric  from  bast  and  Jute  fibers  is  used  in  neutral  and 
weakly  alkaline  media  for  rough  filtration. 

Wool  fabrics,  which  have  a  high  elasticity  and  resistance  to  ac¬ 
ids,  which  withstand  with  ease  compressive  and  tensile  strains  for 
which  reason  they  are  used  with  success  in  hydraulic  press  filters,  are 
utilized  in  more  aggressive  media.  Wool  fabrics,  the  pores  of  which  are 
reduced  in  the  rolling  process,  are  less  stopped  up  by  dust  and  the 
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dust  is  easily  removed  from  them  by  shaking.  However,  at  temperatures 
above  95°  wool  fabrics  lose  their  strength  and  elastic  properties.  They 
are  insufficiently  resistant  to  the  prolonged  effect  of  acids  and  alka¬ 
lis.  Wool  fabric  which  is  used  in  nonferrous  metallurgy  plants  at  a 
temperature  of  95°  and  in  an  atmosphere  of  gases  containing  aggressive 
components  (sulfur  oxides),  serves  for  3-6  months,  while  at  cement  in¬ 
dustry  enterprises  It  serves  not  longer  than  3  months. 

Fabrics  from  polyacrylonitrilic  (Orlln,  Nitron,  Dacron),  polyester 
(Terylene,  Lavsan,  Dynel),  polyamide  (Nylon,  Capron,  Per Ion),  poly- 
chlorovlnyl  (Khlorin)  fibers  and  their  mixtures,  which  have  (in  compar¬ 
ison  with  vegetable  and  animal  origin  fabrics)  a  higher  mechanical 
strength  in  combination  with  thermal  (with  the  exception  of  Khlorin) 
and  chemical  resistance,  are  also  used  for  filtering. 

The  use  of  filter  fabrics  from  Nitron  In  nonferrous  metallurgy  and 
other  branches  of  Industry  makes  it  possible  to  increase  the  productiv¬ 
ity  of  filtering  installations,  reduce  the  capital  investment  for  their 
construction,  reduce  the  losses  of  nonferrous  metals,  improve  the  hy¬ 
giene  of  working  conditions,  obtain  a  large  savins:  In  natural  wool 
which  is  used  for  making  filtering  fabrics.  Fabrics  from  pure  Khlorin 
with  and  without  carding  have  come  into  extensive  use  in  certain 
branches  of  the  chemical  industry  for  filtering  concentrated  acid  sus¬ 
pension  solutions  at  temperatures  not  above  45°. 

To  satisfy  the  needs  of  the  aluminum,  zinc,  phosphorus,  porcelain, 
coal,  cellulose,  paper  and  chemical  industries  various  filter  fabrics 
from  chemical  fibers,  for  example,  from  Capron  for  filtering  lacquers 
and  resins,  from  Lavsan  and  Nitron  for  filtering  concentrated  acid  sus¬ 
pension  solutions,  are  made.  Capron  fabrics  are  used  in  coal  benefieia- 
tion  in  filter  presses  and  vacuum  filters,  etc. 

Filter  fabrics  from  glass  fiber  are  made,  depending  on  the  intend - 
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Physicomechanical  Indicators  of  the  Main  Forms  of  Fil¬ 
ter  Fabrics 


5 

n 

MbllHWa.’.,.  ;  , J 

8 

p 

3 

1 

4 

Hmwio  1 

paapusnoo 

Hottcp 

ripmim 

iimtoH  iia  I 

U)  6J1 

yCRAItt  IJOJIfr* 
CKfl  THU  HA 

Bha  nopon- 

A6TQHNN 

If  BffMCHOMKRD 
THANH 

IS 

1 1 

7  iDipanol 

'80  MM  (M) 

1 

e 

I 

1 

*  , 

i. 

1 

1,1 

1 

I1 

p 

11  XnoDHiToOyxbwiiue 

T  H  A  II  n 

liMtbTMKr  *MJU,TpO- 
HHAbllMR  12  •  ■  ■ 
1  £i<l>wjihrpomi»roHMh 
•L“'T>imhTpo«MTHnnb  1  f, 

2020 

84,6-128 

950 

12/6 

12/8 

06 

86 

285 

170 

noflOTHHiioe  V 
Capma  1  c 
nojIOTHBrfbr' 

2073 

86, 5-1  or. 

590 

20/3 

20/3 

220 

110 

200 

100 

2076 

70-106 

590 

20/3 

20/3 

178 

110 

135 

100 

<Pll.1t>ThoCMIf0oA  *TW 

2u7S 

90-107 

445 

40/2 

12 

286 

312 

80 

54. 

pfloJiyrOpB- 

17 

1  I'.yMMCH  cypobaa  19 
cypouim  .  .  .1 
r  rl.Kib  oTOMibiinn  .  ,  . 

C.  llljHljKM  OTOCJIMIIJR  .  . 

1 

T;  CAoRnoe 

1100 

66 

255 

12 

V' 

200 

41 

47 

CApma 

4016 

55 

98.5 

79 

380 

143 

«£i 

34  - 

9 

34 

223 

278 

264 

230 

29 

42 

.7  5 

38 

nojIOTKRHOe 

113 

90 

111 

65  rp 

65  rp 

380 

334 

38 

26 

nonoTHRiioe 

22 

24  in 

CpfTRHUe  TKMIII 

P.aftKa  MHCroincpcTH- 
imn .  25o^ 

Thbiip  HM  . 

2) 

137 

480 

5 

5 

117 

98 

61 

21 

Capma 

83  DYKan  as  22  cm\ 

500 

5 

6 

117 

98 

98 

27 

Capma 

nojioTiiniioe 

j/iCyKHO  CepOllllflfCHb* 

S7o 

139 

745 

4.8 

4.6 

132 

120 

38 

18 

2QC.y«H0  M  2 . 

20 1 

1 32 

341 

40  x/6* 

5 

228 

147 

42 

30 

Capma 

31  JlbMflHhie 

TKHIIH 

•  •  • 

__Tf<ailh  MOU10*1SiaH  .  . 

33 

I  926 

1  «07  1 

I  125 

1  1 10 

250 

372 

1  16/6 

1  5 

16/6 

3,5 

I  20 
!  74 

1  17 

1  08 

I  90 

1  70 

1  80 

1  70 

|  noaoTHHiioe 

1  ncuioTiimior 

■ai*  Kannoiioi 

iii  e  th  a  11  11 

35  KanpoiioMH . 

218)5 

T)9 

250 

34 

3  •» 

'J7«i 

180 

445 

173 

IIOAOTHHIlOe 

21689 

115 

164 

34 

34 

260 

240 

243 

246 

Capma  1/2 

30  . 

21626 

95 

279 

34/2 

34/2 

330 

1 10 

6/2 

195 

HaofluaH  cap¬ 
ma  2/2 

21452 

94 

1 50 

200/2 

200/2 

720 

52u 

160 

95 

jOXJIOpHHOB 

we  t  k  a  h  h 

^gXjIOpHIIOBaB  .  . 

2088 

2089 

105 

105 

500 

55U 

20/2 

20/3 

20/2 

20/3 

192 

208 

140 

90 

70 

120 

40 

45 

Capma  2/2iin 
Capma  w 

Ha  CM6CH  70%  xno- 

.  pmia  h  30%  xjiouxa 

4l 

— 

— 

556 

16/2 

18/2 

124 

298 

59 

120 

IlojiyTopa- 

CJioRnue 

iipH  H  T  p  0  H  0  »  a  H  TKSHb 

^^Py«aa  HUM . 

1  - 

j  36.5 

|420 

j  20/4 

5 

1 

,9, 

|  98 

|  1 1 5 

j  55 

|  Capma  2/2 

♦Cotton. 

I)  Fabric  designation;  2)  type;  3)  width  (cm);  4)  weight  of  1  m2  (g); 
5)  yarn  number;  6)  thread  count  per  10  cm;  7)  minimum  rupture  strength 
of  a  50  mm  wide  fabric  strip  (kg);  8)  weave  type;  9)  warp;  10)  weft; 

II)  cotton  fabrics;  12)  filter  belting;  13)  plain;  14)  filter  diagonal 
15)  serge;  lb)  filter  calico;  17)  filter  flock;  18)  one -and -a -half  lay 
er;  19)  unfinished  fustian;  20)  unfinished  baize;  21)  bleached  coarse 
calico;  22)  bleached  chiffon;  23)  gr;  24)  wool  fabrics;  25)  pure  wool 
baize;  26)  TsM  fabric;  27)  hose  =  22  cm;  28)  gray  overcoat  cloth;  29) 
No.  2  cloth;  30)  kh/b*;  31)  flax  fabrics;  32)  filter  mesh;  33)  burlap 
fabric;  34)  capron  fabrics;  35)  Capron;  36)  same  as  above;  37)  l/2 
serge;  38)  Khlorin  fabrics;  39)  Khlorin;  40)  2/2  serge;  4l)  from  a  mix 
ture  of  7056  Khlorin  and  30#  cotton;  42)  Nitron  fabric;  43)  NTaM  hose. 


ed  use,  either  from  nonalkaline  aluminum  borosilicate  glass  which  is 
resistant  to  the  effect  of  water  and  not  resistant  to  acids,  or  from 
alkaline  sodium-calcium  silicate  glass,  which  is  less  resistant  to  wa¬ 
ter  but  which  has  a  high  resistance  to  acids  (except  for  hydrofluoric 
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and  phosphorus)  and  alkalis.  These  fabrics,  being  distinguished  by 
their  chemical  resistance  to  various  aggressive  media  at  temperatures 
of  300-400°  and  even  up  to  1000°,  high  resistance  to  a  moist  medium, 
fire  and  a  high  strength,  are  irreplaceable  in  the  tire,  petroleum  re¬ 
fining,  zinc -white,  magnesium  and  pharmaceutical  branches  of  industry. 
The  shortcomings  of  these  fabrics  include  moderate  resistance  to  re¬ 
peated  deformations,  to  abrasion  wrinkling  and  flexure. 

In  the  purification  of  liquid  fuels  the  cotton  and  wool  fabrics 
are  extensively  replaced  by  nonwoven  fabrics  made  from  sacking  by  the 
knit  stitching  method  or  by  gluing  with  synthetic  latex  and  thermoset¬ 
ting  resins.  These  materials  resist  oxidizing  and  photochemical  proces¬ 
ses,  particularly  under  warm  and  most  medium  conditions. 

The  table  on  page  shows  the  physi comechanical  indicators  of 
the  main  kinds  of  filter  fabrics. 

M. N.  Fomina,  A.S.  Talanlna 
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[Transliterated  Symbols] 
x/b  =  kh/b  «=  khlopchatobumazhnaya  «  cotton 
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FINAL  FRACTURE  ZONE  -  see  Fatigue  Breaking. 
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FIREPROOF  CERAMICS  —  are  ceramic  materials  characterized  by  a  high 
refractoriness  and  good  thermomechanical  properties.  Pure  oxides 
(AlgO^,  ZrOg,  etc. )  and  also  high-melting  non-metallic  compounds  (sul¬ 
fides,  nitrides,  carbides,  borides)  are  used  for  the  production  of  fire¬ 
proof  ceramics.  For  the  properties  of  refractory  oxides  see  Oxide  Cera- 
mics. 


V.  L.  Balkevich 
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FIREPROOF  LACQUER  AND  PAINT  COATINGS  are  paints  and  finishes  ap¬ 
plied  to  the  surface  of  a  material  and  providing  for  improved  resist¬ 
ance  of  the  material  to  fire.  The  fireproof  finish  differs  from  the 
paint  in  less  strength  of  the  film,  less  thickness  of  the  applied  coat¬ 
ing,  coarser  grind  of  the  filler.  As  binders  for  the  fireproof  lacquer/ 
paint  coatings,  use  is  made  of:  liquid  glass,  sulfite  liquor,  mineral 
binders  of  the  type  of  cement,  gypsum,  lime,  clay,  linseed  oil,  chlo¬ 
rine  compounds  of  the  hydrocarbons,  complex  and  simple  esters  of  cellu¬ 
lose  (acetal  cellulose,  ethyl  and  benzyl  cellulose),  artificial  resins 
(perchlorvinyl,  phenyl -formaldehyde,  carbamide  and  others).  As  fillers 
(antipyrenes)  use  is  made  of  gypsum,  chalk,  talc,  asbestos,  ground 
blast  furnace  and  open  hearth  slags,  andesite,  basalt,  chloro-paraffin 
with  antimony  trioxide,  ammonium  phosphate  and  sulfate  salts  and 
others.  With  regard  to  the  form  of  the  binder,  the  fireproof  lacquer 
and  paint  coatings  are  combined  into  the  groups:  silicate,  chloride, 
carbamide,  sulfite-celluloslc  paints,  finishes  based  on  the  simplest 
binders  (lime,  superphosphate),  paints  using  an  oil  base  and  those  us¬ 
ing  the  organochlorlne  compounds. 

The  use  of  these  coatings  is  an  effective  measure  for  the  preven¬ 
tion  of  fires  which  occur  as  a  result  of  the  action  of  comparatively 
low-calorie  sources  of  ignition  (short  circuits,  heating  of  wires  to  a 
white  heat,  action  of  heated  surfaces,  soldering  torch  flame,  small 
quantity  of  spilled  kerosene,  self-ignition  of  oil  soaked  materials, 
burning  cigarettes,  match  flames,  sparks,  etc.).  These  coatings  find 
application  for  the  protection  of  wooden  structural  elements  in  casting 
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and  smelting  shops,  steam  locomotive  depots,  boiler  shops,  shops  for 
cold  working  of  metals,  in  lofts  and  certain  warehouse  areas. 

References:  Taubkin  S.I.,  Osnovy  ognezashchity  tsellyuloznykh 
meterialov  [Fundamentals  of  Fireproofing  Cellulosic  Materials],  M. , 

I960;  Taubkin  S,  Kolganova  M. ,  Pozh.  delo  [Fire  Prevention],  1958,  No. 

7;  1959*  No.  2;  1961,  No.  3;  Sbornik  rukovodyashchlkh  dokumentov  po 
pozhamoy  prof ilakt ike  [Collection  of  Instructions  on  Fire  Prevention], 

M. ,  1961. 


S.I.  Taubkin 
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LIGHT -REFLECTIVE  LACQUER  AND  PAINT  COATINGS  are  coatings  which 
have  the  capability  of  reflecting  the  Incident  radiant  energy.  The 
white  reflective  coatings  have  the  highest  degree  of  reflection,  which 
is  explained  by  the  capability  of  the  pigments  contained  in  the  coat¬ 
ings  to  provide  multiple  reflection  of  the  light  from  a  large  number  of 
internal  surfaces.  The  higher  the  pigment  content  (to  a  definite  level) 
in  the  coating,  the  higher  its  reflective  capability.  Depending  on  the 
structure  of  the  reflective  coating,  the  reflection  of  the  incident 
flux  may  be  either  specular  or  diffuse  (scattered).  The  reflective  ca¬ 
pability  of  the  coatings  is  characterized  by  the  reflection  coefficient, 
i.e.,  by  the  number  indicating  the  ratio  of  the  reflected  flux  to  the 
Incident.  The  general-purpose  white  enamels,  particularly  the  glossy 
ones,  have  a  low  reflection  coefficient.  Special  white  phototechnical 
enamels  N^.  2  and  No.  11  of  VNI3I  and  the  AS-lsp  enamel  are  produced  in 
order  to  obtain  light-reflective  lacquer/palnt  coatings  with  high  re¬ 
flection  coefficient.  The  VNISI  enamels  (reflection  coefficient  0.85- 
0.9)  are  intended  for  diffuse -reflection  coatings  for  lighting  fixtures 
with  luminescent  lamps  and  Incandescent  lamps  with  operating  tempera¬ 
ture  not  over  100°  (for  the  No.  2  enamel)  or  200°  (for  the  No.  11  ena¬ 
mel).  The  enamels  are  applied  by  atomizer  in  two  layers  on  a  pre-prlmed 
surface.  The  AS-lsp  enamel  has  high  atmospheric  and  thermal  resistance 
(to  150-200°)  and  good  reflective  capability  (reflection  coefficient 
0.5),  is  resistant  in  tropical  climate  conditions.  The  enamel  Is  ap¬ 
plied  by  paknt  sprayer  In  2-3  layers  on  a  pre-prlmed  surface.  In  addi¬ 
tion  to  the  enamels  mentioned,  as  light-reflective  coatings  use  is  made 
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of  the  aluminum-color  enamels  (reflection  coefficient  0. 5-0.6),  primar¬ 
ily  for  painting  gasoline  tanks  in  order  to  maintain  their  temperature 
as  low  as  possible  and  reduce  evaporation  losses. 

References:  Organic  Protective  Coatings,  coll,  of  articles  transl. 
from  Eng.,  M. -L. ,  1959;  Dolgopolov  V.I.,  Pozhalkina  L.N. ,  Svetotekhnika 
[Illumination  Engr.],  1955*  No.  3* 

I. I.  Denker 
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FIRE  RESISTANT  TURBINE  OILS  are  intended  as  replacements  for  the 
petroleum  oils  in  systems  for  the  regulation  of  high-power  turbogenera¬ 
tors  with  high  steam  superheat  or  for  gas  turbines.  They  have  a  high 
self- ignition  temperature  (>  700°  compared  with  350-370°  for  the  cor¬ 
responding  petroleum  oils),  as  a  result  of  which  fires  are  prevented  in 
case  of  oil  contact  with  hot  portions  of  the  units  during  operation.  So 
far,  inflammable  fluids  are  used  as  fire  resistant  turbine  oils  only  as 
the  working  fluid  in  systems  for  the  regulation  of  steam  turbines.  The 
organic  fire  resistant  oils  Ivviol'-2  ( self- ignition  temperature  7k0° 
in  air,  flash  point  238°;  viscosity,  congealing  temperature,  antioxid¬ 
ation  stability,  acid  number,  demulsification  rate  and  other  character¬ 
istics  correspond  to  the  norms  of  GOST  32-53  for  turbine  oil  22)  and 
Ivviol'-3  (self-ignition  temperature  >750°,  other  constants  close  to 
those  for  Ivviol'2)  which  are  capable  of  operation,  as  shown  by  tests, 
in  both  the  control  and  lube  systems  for  turbines  are  being  introduced 
in  the  USSR.  The  primary  component  of  all  the  known  organic  fire  resis¬ 
tant  turbine  oils  are  the  phosphoric  acid  ester,  principally  tricresy- 
lphosphate,  and  in  this  connection  they  differ  from  the  petroleum  ^ils 
in  higher  specific  weight  (about  1.1),  frequently  lower  viscosity,  etc. 
Thickener,  are  added  to  increuse  the  viscosity  (most  often  the  chlorin¬ 
ated  aromatic  hydrocarbons) ,  and  alkhlpolsiloxane  additives  are  used  to 
reduce  the  tendency  to  foam  formation.  The  drawbacks  of  the  fire  resis¬ 
tant  turbine  oils  are  high  cost  (higher  by  a  factor  of  15  or  more  than 
the  petroleum  turbine  oils)  and  the  toxicity;  most  toxic  is  the  o- isom¬ 
er  of  tricresyiphosphate  and  in  this  connection  fire  resistant  turbine 
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oils  have  been  suggested  with  an  o-isomer  content  of  l-3*  (Iwlol’-a  in 

the  USSR)  in  contrast  with  the  20-25*  concentration  for  the  fire  resis- 

tan'.  turbine  oils  prepared  from  conventional  technical  tricresylphosph- 

ate.  IWI0I--3,  which  does  not  contain  tricresylphosphate  nor  thicken- 
ers,  ha3  very  low  toxicity. 

References:  Ivanov  K.  1. ,  Vilyanskaya  Ye.  a,  T,  1959,  No.  9,  ivan- 
ov  1. 1. ,  et  al. ,  Ibid,  1961,  No.  11;  Legutke  G. ,  Oeiseler  G. ,  Technik, 
1955,  Bd  10,  No.  12;  Knoop  E.,  Erdol  und  Kohle,  1956.  H.  9,  s.  613; 

Soulllard  G. ,  Elewyck  J. ,  van,  Erdol  und  Kohle  Erdgas.  Petro-Chemie, 
1962,  H.  3,  S.  201. 


K. I.  Ivanov 
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FKP  AND  FKPM  PRESS -MATERIALS  -  see 
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FLAK  -  see  Vulcanized  fiber. 
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FliAKES  -  are  internal  metallurgical  flaws  of  steel,  very  fine 
crack?  of  an  oval  or  rounded  with  a  diameter  from  parts  of  a  millime¬ 
ter  up  to  100  mm.  Flakes  serious  impair  the  quality  of  steel.  Flakes 
occur  most  often  in  rolled  or  forged  blanks  (rods),  more  rarely  in 
cast  steel.  The  appearance  of  flakes  in  macrographs  is  shown  in  Fig.  1. 
Flakes  are  also  observable  on  the  fractures  of  steel  specimens  in  the 
form  of  stains  (Fig.  2). 


Fig.  1.  Appearance  of  flakes  in  Fig.  2.  Appearance  of  flakes 

macrographs.  on  fractures  of  specimens. 

Measures  to  present  the  formation  of  flakes  are:  1)  diminution 
of  the  hydrogen  content  in  steel  by  careful  firing  and  drying  of  the 
charge  and  of  the  slag-forming  materials,  a  longer  rimming  time  of  the 
steel  or  blasting  in  of  oxygen,  casting  under  a  vacuum.  2)  Heat  treat¬ 
ment  at  a  temperature  at  which  the  hydrogen  is  removed  from  the  steel, 
or  a  retarded  cooling  of  the  steel  after  hot  deformation.  3)  Increased 
number  of  hot-workings. 

M.L.  Bernshteyn 
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FLAW  DETECTION  -  nondestructive  testing  of  materials,  semifinished 
and  finished  products.  Flaw  detection  makes  it  possible  to  detect  all 
kinds  of  flaws  in  materials  as  well  as  to  measure  the  linear  dimensions 
of  semifinished  and  finished  products  (see  Flaws  of  Metals).  Flaw  de¬ 
tection  includes  the  elaboration  of:  nondestructive  inspection  methods, 
b)  special  apparatus  (flaw  detectors)  used  in  inspection,  c)  methods 
for  testing  of  products  of  the  given  type  and  d)  norms  for  rejecting 
these  products.  Structural  flaws  of  materials,  disturbance  in  their 
continuity  or  homogeneity  which  are  encountered  in  products  as  a  result 
of  imperfection  of  the  process  used  in  their  manufacture  result  in 
changes  in  the  physical  characteristics  of  the  material,  i. e. ,  density, 
electric  conductivty,  magnetic  permeability,  elastic  properties,  etc. 
The  study  of  these  changes  and  the  detection  of  flaws  in  materials  by 
this  method  is  the  physical  basis  for  methods  of  nondestructive  materi¬ 
als  quality  control.  Nondestructive  testing  methods  make  it  possible 
to  evaluate  each  product  individually,  which  is  of  particular  import¬ 
ance  for  products  destined  for  critical  service,  for  which  sampling 
quality  control  methods,  consisting  of  testing  samples  taken  from  a 
part  of  a  product  batch  are  insufficient,  since  they  make  it  impossi¬ 
ble  to  judge  about  the  absence  of  flaws  in  each  product.  Physical  me¬ 
thods  of  nondestructive  testing  which  are  based  on  the  study  of  condi¬ 
tions  for  the  propagation  of  various  kinds  of  penetrating  radiations 
(electromagnetic  and  elastic  vibrations),  of  the  magnetic  and  electri¬ 
cal  properties  of  materials  and  also  of  capillary  phenomena  have  come 
into  the  most  extensive  use. 
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The  basic  flaw  detection  methods  are:  visual  flaw  detection  me¬ 
thods,  gamma-ray  flaw  detection,  magnetic  flaw  detection,  flay;  detec¬ 
tion  by  electrical  Induction,  ultrasonic  flaw  detection,  capillary  flaw 
detection.  Testing  of  products  by  the  enumerated  methods  is  performed  by 
using  apparatus, 1. e. ,  optical  instruments,  such  as:  gamma- ray  flaw  de¬ 
tection  Installations,  betatrons,  magnetic  flaw  detectors,  ultrasonic 
flaw  detectors,  luminescent  flaw  detectors,  instruments  for  electrical 
induction,  thermo-  and  triboelectrlc  flaw  detection,  instruments  for 
testing  by  the  electrical  resistance  method,  etc.  Flaw  detection-me¬ 
thods  are  not  universal,  each  of  them  has  its  field  of  application, 
within  the  limits  of  which  certain  types  of  flaws  are  most  effectively 
detected  provided  that  certain  limiting  conditions  are  observed.  Hence, 
in  order  to  improve  the  reliability  of  highly  critical  service  products 
use  is  made  of  several  flaw  detection  methods.  The  acceptability  of  in¬ 
spected  products  is  determined  on  the  basis  of  rejection  norms.  These 
norms  differ  for  different  product  types,  for  products  of  the  same  type 
working  under  different  conditions,  and  also  for  different  zones  of  the 
same  product,  since  these  zones  can  be  subjected  to  different  effects 
of  mechanical  and  thermal  stresses,  aggressive  media,  etc.  Rejection 
norms  should  be  elaborated  by  designers  of  the  products  together  with 
production  engineers.  Flaw  detection  is  an  integral  part  cf  the  indus¬ 
trial  production  process.  When  used  rationally,  flaw  detection  makes  it 
possible  to  improve  the  product  quality  and,  consequently,  the  relia¬ 
bility  of  articles  produced.  Flaw  detection  yields  tremendous  economic 
advantages:  it  saves  machine  and  worker  time  which  is  used  for  the 
processing  of  products  with  internal  flaws,  ensures  metal  savings,  and 
also  prevents  breakdown  of  products,  improves  the  reliability  and  in¬ 
creases  the  seivice  life  of  designs. 

References:  Defektoskopiya  metallov  [Detection  of  Metal  Flaws]. 
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Collection  of  articles  under  the  editorship  of  D. S.  Shrayber,  Moscow, 
1999;  Nondestructive  testing  handbook,  vols.  1-2,  N.  Y. ,  1999;  Hinsley, 
J.F. ,  Nondestructive  testing,  London,  1999;  Mttller,  E.A.W. ,  Handbuch 
der  zersttirungsfreien  Materialprttfung  [Handbook  of  Nondestructive  Ma¬ 
terials  Testing],  Parts  1-2,  Oldenburg,  Milnchen,  i960. 


D.  8.  Ehraybe 
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FLAW  DETECTION  BY  X-RAY  AND  GAMMA-RAY  FLUOROSCOPY  -  detection  of 
flaws  in  materials  and  articles  by  bombardment  with  x-rays  and  gamma 
rays  with  atte-  dant  obtaining  of  a  visible  image  on  a  fluorescent 
screen  (similar  to  the  x-ray  dianosis  method  used  in  medicine).  In  the 
simplest  form  (without  amplification  of  the  image  brightness)  this  me¬ 
thod  has  only  limited  use  —  inspection  of  products  made  from  light  al¬ 
loys  and  plastics  or  thin  -walled  steel  articles.  Here  use  is  usually 
made  of  x-ray  radiation  due  to  the  greater  power  of  its  sources  in  com' 
parison  with  radioactive  isotopes;  radiation  of  betatrons  is  not  used 
since  it  is  difficult  to  provide  reliable  biological  protection  from 
the  scattered  radiation.  An  installation  for  fluoroscopic  inspection 


Fig.  1.  Diagram  showing  the  setting  up  of  a  diascope  for  fluoroscopic 
inspection  of  an  article.  1)  X-ray  tube;  2)  protective  hood;  3)  dia¬ 
phragm;  4)  inspected  object;  5)  mirror;  6)  lead  inspection  glass;  7) 
protective  jacket. 


(diascope)  consists  of  an  x-ray  tube  with  a  supply  source  and  a  protec¬ 
tive  hood,  diaphragm  which  limits  the  radiation  beam  to  the  required 
size,  a  fluorescent  screen  (usually  made  from  ZnCdS  activated  by  silver), 
reflecting  mirror,  lead  inspection  glass  and  a  protective  jacket  which 
absorbs  the  scattered  radiation  (Fig.  1).  When  inspecting  a  large  num- 
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ber  of  identical  articles  it  is  possible  to  mechanize  the  supply  of 
the  products  being  inspected.  The  inspection  results  can  be  photograph- 


Fig.  2.  Comparison  graphs  of  relative  sensitivity  when  inspecting  by 
the  diascope  and  fotographic  method  of  x-ray  flaw  detection,  a)  X-ray¬ 
ing  of  aluminum:  b)  x-raying  of  steel.  1)  Inspection  using  a  diascope; 

2)  inspection  by  the  photographic  method.  A)  Size  of  flaw,  ram;  B)  thick¬ 
ness  of  the  aluminum,  mm;  C)  thickness  of  the  steel,  ram. 

ed.  The  sensitivity  of  diascope  inspection  is  always  lower  than  when 
using  the  photographic  method  of  radiodefectoscopy  (Fig.  2). 

The  use  of  x-ray  electron-optical  transducers  which  substantially 
increase  the  brightness  of  the  visible  image,  expands  the  possibilities 
of  this  method  of  flaw  detection;  here  its  sensitivity  becomes  close  to 
that  of  radiographic  methods,  in  addition,  it  becomes  possible  to  in¬ 
spect  moving  articles. 

L.  K.  Tatochenko 
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FLAW  DETECTION  IN  BAR  STOCK  -  see  Flaw  Detection  In  Pressworked, 
lied  and  Drawn  Semi-Finished  Products. 
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FLAW  DETECTION  IN  CASTINGS.  In  flaw  detection  of  cast  semifinished 
and  finished  products  a  distinction  is  made  between  inspection  of 
intricately- shaped  castings,  which  is  an  almost  finished  product,  and 
the  inspection  of  ingots,  which  are  subjected  to  subsequent  presswork¬ 
ing,  since  certain  defects  in  an  4  ot  can  be  welded  together  during 
working,  while  others  may  open  up.  The  main  flaws  in  ingots  are 
shrinkage  cavities,  porosity,  cracks,  foreign  inclusions,  and  other  in¬ 
ternal  flaws.  Surface  defects  are  not  of  great  importance,  since  the 
surface  layer  is  removed,  as  a  rule.  Effective  inspection  of  the  ingot 
quality  after  the  surface  layer  is  removed  consists  in  visual  inspec¬ 
tion  and  capillary  flaw  detection,  which  are  used  to  detect  flaws  which 
emerge  on  the  machined  surface  of  the  ingot.  Then  the  length  of  the 
shrinkage  cavity  is  determined  in  order  to  establish  the  boundary  of  the 
ingot's  riser,  which  is  due  to  be  cut  off.  X-ray  fluoroscopy  is  used 
for  aluminum  and  magnesium  ingots,  while  steel,  nickel,  molybdenum  and 
cth-.ii*  ingots  are  Inspected  by  gamma-ray  fluoroscopy,  which  has  a  higher 
productivity  than  the  x-ray  method,  since  It  is  possible  to  place 
several  ingots  around  the  radiation  source  and  test  them  simultaneously. 
X-ray  and  gamma  fluoroscopy  can  be  used  for  inspecting  Ingots  with  un¬ 
finished  surfaces,  which  is  a  known  advantage.  However,  the  low  produc¬ 
tivity,  complexity  of  x-ray  fluoroscopy  apparatus,  as  well  as  the  ne¬ 
cessity  of  using  protective  measures  in  x-ray  and  gamma-ray  fluoroscopy, 
make  it  unprofitable  to  use  these  methods  under  foundry  conditions. 

It  is  most  expedient  to  use  ultrasonic  flaw  Jo* action,  which  makes 
it  possible  to  detect  and  determine  the  limits  of  the  shrinkage  cavity 
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imiuiilfirioc,  as  w«'ll  ns  to  detect  gas  holes,  porosity  zones,  cracks, 
foreign  inclusions,  etc.  Coarse  grain  substantially  attenuate  ultrasonic 
vibrations  by  scattering  them  by  their  boundaries.  Ilcnce,  ultrasonic  in¬ 
spection  of  an  ingot  can  be  performed  only  at  low  frequencies  (in  cer¬ 
tain  oases  up  to  0. 5  megacycles);  the  sensitivity  of  the  method  which 
is.  thus  reduced  is  still  sufficient  for  detecting  the  main  flaws  in  an 
into*.  The  contact  and  immersion  versions,  and  in  certain  cases  the 
.-hade  version  of  ultrasonic  inspection  are  used.  Ultrasonic  vibrations 
in-,  introduced  either  through  the  end  or  through  the  side  surface  of 
the  ingot.  In  the  latter  cases,  inspection  of  cylindrical  ingots  can  be 
...  dianised;  then  scanning  i  s  performed  along  a  spiral  line  as  a  result 
of  rotation  of  the  ingot  and  moving  the  search  head  along  its  directrix, 
inspection  from  the  back  surface  is  usually  manual.  The  possibilities 
i.f  tills  kind  of  inspection  are  limited  by  the  length  of  the  ingot,  since 
when  the  ingot  is  very  Ion:  or  when  the  ultrasound  is  substantially  at- 
t emu. ted  in  the  ingot  material  (when  the  bottom  echo  signal  is  net  vie- 
le  on  the  flaw  detector  screen)  t*o  inspection  is  not  reliable. 

Iaicts  arc  inspected  by  visual  insp  tion  and  by  capillary  flaw 
i-t,  ; c t Ion,  and  for  ingots  from  ferronagnoti  -  alloys  use  is  also  mane 
.ug.n.t L  •  flaw  detection,  which  makes  it  r.or.sibie  to  detect  surface  and 
subsurface  flaws.  Internal  defects  are  detected  primarily  by  x-ray  and 
•arnmu- my  fluoroscopy,  an  i  also  by  irradiation  by  betatron  radiation.  X- 
:  v  insp--  tion  of  aluminum  and  magnesium  'acting:'  i.  perform'  i  by  appa- 
■r  u.  .  ush  as.  RUM-?  (RUT-  }  which  is  xr-- ii-.rg.  to  use  i\  r  the  inspec- 
-1  r.  of  aluminum  castings  with  the  thickness,  of  up  u  «.-o- j‘>  ram.  Cast¬ 
ings  with  a  greater  thickness  should  be  insp  ted  by  apparatus  „uoh  as 
oei-i'C-  with  plate  voltage  of  Iff  kw  or  RUP-1MC  ( HUT- IK 3)  with  20C  kw 
;  -ate  .  stage.  Tr.e  RUP-1K2  apparatus  is  also  used  for  inspecting  steel 
cast  in  ;s  up  to  *.f-o0  am  thick,  cast  inns  with  greater  thickness  should 
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be  inspected  by  gamma-ray  sources  (Co^).  In  addition  to  the  radio- 
graphic  method  castings  from  light  alloys  can  also  be  inspected  by 
visual  x-ray  flaw  detection,  which  is  cheaper  and  more  productive  than 
the  radiographic  method. 

S.  V.  Cnernobrovov,  D.  S.  Shrayber 
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FLAW  DETECTION  IN  CEMENTED  JOINTS.  Cemented  joints  in  multilayer 
designs  are  inspected  by  methods  ol'  ultrasonic  flaw  detection,  acoustic 


flaw  detection,  as  well  as  by  the  vacuum  method.  If  the  product  to  be 
inspected  can  be  immersed  into  a  fluid  in  such  a  manner  that  both  sides 
of  the  cemented  joint  area  are  accessible,  then  it  is  possible  to  use 
the  immersion  version  of  the  '  . asonic  shade  flaw  detection  method. 

The  flaw  in  the  cemented  joint  (lack  of  adhesion)  does  not  permit  the 
passage  of  ultrasonic  waves  through  the  product  from  the  generating  to 
the  receiving  head,  v/hich  is  noted  by  a  reduction  in  the  level  of  the 
received  signal.  Sometimes,  particularly  when  inspecting  cemented  joints 
of  metals,  the  flaws  are  detected  by  the  contact  and  immersion  versions 
of  the  ultrasonic  echo  method.  The  flaw  in  the  cemented  joint  substan¬ 
tially  increases  the  reflection  of  ultrasonic  waves  from  the  seam's 
region,  which  is  registered  by  the  shape  of  the  image  on  the  flaw  detec¬ 
tor  screen.  Defects  in  a  cemented  joint  between  metallic  elements  and 
zones  in  which  the  adhesion  of  the  cement  to  the  metal  has  been  disturbed 
when  metallic  elements  are  cemented  to  nonmetals  can  be  detected  by  the 

ultrasonic  resonance  method.  Ultrasonic  methods  are  used  to  detect 

2 

flaws  with  an  area  greater  than  1-3  cm  .  The  impedance  method  and  the 
method  of  free  vibrations  are  the  most  extensively  used  acoustic  flaw 
detection  methods.  The  impedance  method  is  used  primarily  to  detect  re¬ 
gions  where  the  connection  is  disturbed  between  a  thin  (up  to  2  mm  for 
aluminum  alloys)  skin  and  reinforcing  elements  or  fillers  (foam  plastic, 
honeycomb)  in  products  from  various  metallic  and  nonmetallic  materials. 
The  IAD-1  arid  Lr  D-2  flaw  detectors  are  used  for  inspection.  This  method 
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does  not  require  two-sided  access  to  the  seam  zone  or  the  use  of  a  con¬ 
tact  lubricant  and  makes  possible  inspection  of  articles  with  substan¬ 
tial  surface  curvatures.  The  method  of  free  vibrations  is  used  primarily 
to  detect  regions  at  which  joints  are  disturbed  at  a  depth  from  4-5  mm 
to  several  tens  of  mm  between  layers  of  nonmetallic  and  combined  (from 
metallic  and  nonmetallic  materials)  designs.  The  ChIKP-1,  ChIKP-2,  etc.. 


Fig.  Schematic  of  an  instrument  for  cemented  joints  inspection  by  the 
vacuum  method,  a)  Proper  cementing;  b)  disturbance  of  the  connection 
between  the  skin  and  the  filler. 

flaw  detectors  are  used  for  inspection.  Flaws  in  cemented  joints  between 
a  thin  skin  and  a  honeycomb  filler  are  detected  by  the  vacuum  method.  A 
cap  (see  Fig.)  is  placed  on  the  article's  skin,  from  which  air  is  evac¬ 
uated.  The  skin  bends  due  to  the  effect  of  atmospheric  pressure.  If  the 
cemented  joint  has  a  flaw,  the  deflection  of  the  skin  is  increased, 
which  is  recorded  by  an  indicator.  A  disadvantage  of  the  vacuum  method 
is  its  low  productivity.  The  Dutch  company  Fokker  has  created  a  device 
which  makes  it  possible  to  directly  evaluate  the  strength  of  cemented 
joints  in  several  types  of  multilayer  designs.  The  cementea  _)int's 
tensile  or  shear  strength  is  determined  in  the  process,  depending  on  the 

intended  service  conditions  of  the  design. 

References;  Lang,  Yu.  V. ,  Sovremennyye  metody  defektoskopii  kleye- 
vykh  soyedineniy  [Modern  Methods  of  Flaw  Detection  in  Cemented  Joints], 
in  the  collection;  Kiel  I  tekhnologiya  skleivaniya  [(Gluing)  Cements 
and  the  Technology  of  Cementing],  Moscow,  I960;  "Aircraft  Prod.,"  Vol. 
22,  No.  2,  i960. 
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FLAW  DETECTION  IN  FORGINGS  AND  STAMPINGS.  Internal  flaws  of  stamp¬ 
ed  blanks  of  the  type  of  metal  continuity  disturbance  (slag  inclusions, 
c racks,  porosity  zones,  flakes,  etc. )  and  zones  with  coarse  grained 
structure  are  detected  by  the  ultrasonic  echo  method  (see  Ultrasonic 
Flaw  Detection).  This  method,  which  is  used  in  its  contact  and  immer¬ 
sion  versions,  is  particularly  effective  for  the  inspection  of  medium 
and  large  size  blanks,  which  are  simple  in  shape  (products  with  plane 
parallel  surfaces,  bodies  of  revolution,  etc. ).  It  is  advantageous  to 
perform  ultrasonic  inspection  of  shaped  blanks  at  the  initial  stages 
of  the  component-production  process,  when  they  are  simplest  in  shape 
and  have  allowances  for  machining;  this  ensures  the  most  complete  check¬ 
ing  of  the  entire  metal  volume  (particularly,  if  the  allowances  exceed 
the  "dead  zone"  of  the  flaw  detector).  If  the  blanks  passes  through 
several  stages  of  hot  pressure  working,  inspection  is  usually  performed 
after  each  such  operation.  In  the  case  of  use  of  the  contact  (and  some¬ 
times  also  of  the  immersion)  version  of  the  echo  method,  the  surfaces 
at  which  the  ultrasonic  waves  are  introduced  must  be  given  a  surface 
finish  of  V5-V7,  which  is  needed  for  reliable  acoustic  contact  between 
the  flaw  detector  head  and  the  blank  being  inspected.  The  surfaces  at 
which  ultrasonic  waves  are  introduced  are  selected  in  a  manner  such 
tnat  the  axis  of  the  ultrasonic  beam  be  oriented,  as  far  as  possible, 
perpendicular  to  the  surface  of  the  expected  flaws.  The  orientation  of 
expected  flaws  is  determined  on  the  basis  of  the  blank's  macrostructure; 
metallurgical  defects  are  usually  situated  along  the  fiber.  Flaws  which 
are  oriented  parallel  to  the  surface  at  which  the  ultrasonic  waves  are 
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introduced  are  detected  by  longitudinal  waves  which  are  Introduced  into 
the  product  along  the  normal  or  at  a  moderate  angle  (for  example,  when 
working  with  split  search  heads)  to  the  surface.  Flaws  situated  at  sub¬ 
stantial  (25-90°)  angles  to  the  surface  at  which  the  vibrations  are  in¬ 
troduced  (for  example,  radial  cracks  in  turbine  rotors),  are  detected 
by  transverse  ultrasonic  waves  introduced  at  angles  of  30-80°,  Combined 
prismatic  search  heads  are  usually  used  for  this  purpose.  The  angles  of 
introduction  of  transverse  waves  and  the  sounding  direction  are  selected 
in  such  a  manner  that  the  angle  between  the  axis  of  the  ultrasonic  wave 
beam  and  the  flaw  surface  be  as  close  as  possible  to  being  a  right  an¬ 
gle.  An  optimum  frequency  of  ultrasonic  vibrations,  at  which  the  best 
sensitivity  to  distant  flaws  is  obtained  exists  for  each  type  of  blanks. 
High  frequencies  (above  2  megacycles)  are  used  for  exposure  of  small 

p 

(.  up  to  50  nun  )  flaws  in  blanks  of  moderate  (up  to  ~  100  mm)  and  med¬ 
ium  (up  to  ~  400  mm)  thickness  from  metal  with  a  finely  grained  struc¬ 
ture.  In  coarsely-grained  metal  ultrasonic  vibrations  of  these  fre¬ 
quencies  are  rapidly  attenuated  and  cannot  propagate  over  large  dis¬ 
tances.  Hence,  blanks  with  medium  and  particularly  large  thickness  from 
coarsely-grained  metal  are  inspected  by  ultrasonic  vibrations  with  low¬ 
er  frequencies  (0. 5-2.0  megacycles).  Reducing  the  frequency  increases 
the  range  (penetration  power)  of  the  flaw  detector  and  reduces  the 
level  of  interference  signals  which  are  due  to  reflections  from  bound¬ 
aries  of  Individual  metal  grains.  However,  this  increases  the  minimum 
size  of  a  defect  which  can  be  detected.  Small  flaws  cannot  be  detected 
in  coarsely-grained  metal.  The  use  of  high  frequencies  requires  that 
the  surfaces  of  products  being  inspected  have  a  better  finish.  Zones 
with  coarsely-grained  structure  in  finely-grained  metal  are  detected  by 
the  sharp  reduction  in  or  the  complete  disapparance  of  the  bottom  echo 
signal.  Flaws  in  these  zones  can  usually  be  detected  by  using  a  lower 
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operating  frequency.  Flaws  filled  by  foreign  bodies  (o/.ide  film;,,  slap; 
inclusions,  etc.),  all  other  conditions  remaining  equal,  are  r.ot  as 
easily  detected  as  gas-filled  flaws  (for  example,  flakes).  This  reduc¬ 
tion  in  detection  ability  is  the  more  perceptible  the  smaller  the  open¬ 
ing  of  the  flaw  in  the  direction  of  propagation  of  the  ultrasonic  wave 
and  the  closer  the  specific  wave  resistances  of  the  main  metal  and  the 
foreign  body  (the  specific  wave  resistance  is  defined  as  the  product  of 
the  material's  density  and  the  rate  of  propagation  of  an  elastic  wave 
of  the  given  type  through  it).  When  the  openings  are  smaller  than  0.005- 
-0. 03  of  the  wave  length,  the  oxide  or  slag  filled  flaw  may  not  give  a 
perceptible  echo  signal  and  will  remain  undetected.  The  detectability 
of  effects  with  small  openings  is  improved  as  the  working  frequency  is 
increased  (reduction  in  the  wavelength).  In  certain  cases  the  detection 
of  these  flaws  is  aided  by  heat  treatment  of  the  article.  In  forgings 
from  finely-gpa-^nad  ateel  and  heat  resistant  alloys  at  a  depth  up  to 
150-200  mm,  it  usually  possible  to  detect  flews  with  areas  not 

n 

smaller  than  3-8  mm 'j  as  the  depth  of  flaw  location  is  increased  the 
sensitivity  of  the  method  is  reduced.  When  inspecting  aluminum  alloy 
blanks  the  sensitivity  is  slightly  lower,  since  the  main  defects  of 
these  alloys,  which  are  oxide  films,  have  a  reduced  reflecting  ability. 
If  the  blanks  are  produced  on  a  small  scale  it  is  expedient  to  inspect 
them  by  the  contact  version  of  the  ultrasonic  echo  method.  For  an  ap¬ 
preciable  output  volume  it  is  more  expedient  to  use  the  immersion  ver¬ 
sion.  Coordinates  of  flaws  which  are  detected  are  determined  by  depth 
gages,  with  which  general-purpose  contact-echo  flaw  detectors  (UDM-1M, 
V4-7I,  U2D-7N,  UZD-14,  etc, )  are  usually  equipped.  When  working  with 
longitudinal  waves  the  distance  to  the  flaw  is  found  directly  on  the 
depth  gage  scale  by  comparing  tho  time  mark  with  the  corresponding  echo 
signal.  The  measurement  error  does  not  exceed  2-5#.  When  using  other 
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types  of  waves  the  finding  of  the  flaw  coordinates  is  slightly  more 
complex  and  the  error  is  greater.  Dimensions  of  small-  and  medium-size 
flaws  are  estimated  by  comparing  the  amplitudes  of  the  echo  signals 
bounced  off  the  flaw  and  comparison  reflectors  which  are  located  at 
various  depths  in  standard  specimens  which  are  made  from  the  same  ma¬ 
terial  as  the  product  which  is  inspected.  Having  selected  in  the  stand¬ 
ard  specimen  a  reflector  which  lies  at  the  same  (or  approximately  the 
same)  depth  as  the  flaw  and  which  gives  the  same  signal  as  the  latter, 
the  dimensions  of  the  flaw  are  estimated  by  dividing  the  area  of  the 
comparison  reflector  by  the  detectability  factor  K  <  1.  This  factor  de¬ 
pends  on  the  type  of  product  which  is  inspected  and  on  the  kind  of  the 
flawj  it  is  found  experimentally  by  statistical  analysis  of  results  of 
area  measurements  of  detected  flaws.  Dimensions  of  large  flaws  are  de¬ 
termined  by  the  magnitude  of  the  area  at  the  surface  of  introduction  of 
ultrasonic  waves  at  which  the  echo  signals  are  observed.  Blanks  of  in- 
tricated  shape  can  be  checked  by  the  ultrasonic  echo  method  only  with 
difficulty.  Surface  flaws  of  shaped  blanks  with  a  finished  surface  can 
be  detected  by  etching  or  by  capillary  methods  (color  and  luminescent), 
and  also  by  the  eddy  current  method  and  by  the  ultrasonic  echo  method 
using  surface  waves. 

References:  Defektoskopiya  metallov  [Flaw  Detection  in  Metals], 
Collection  of  articles,  edited  by  D.  S.  Shrayber,  Moscow,  1959;  Nonde¬ 
structive  testing  handbook,  Vol.  2,  N. Y. ,  1959* 

Yu.  V.  Lange 
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FLAW  DETECTION  IN  METAL  CERAMICS  PRODUCTS.  Internal  and  surface 
flaws  (cracks,  blow  holes,  porosity,  foreign  inclusions)  in  semifinished 
and  finished  products  from  dense  poreless  metal  ceramics  (for  example, 
material  such  as  SAP)  are  detected  by  methods  used  for  the  detection  of 
flaws  in  metal  products  (see  Ultrasonic  Flaw  Detection,  X-Ray  Flaw  De¬ 
tection,  Capillary  Flaw  Detection).  The  possibility  of  finding  flaws  is 
here  the  same  as  in  inspection  of  metal  products.  Blow  holes  and  loose¬ 
ness  zones  in  products  from  porous  metal  ceramics  are  detected  by  the 
x-ray  method.  This  same  method  is  used  for  detecting  cracks  the  direc¬ 
tion  of  which  coincides  with  the  direction  of  irradiation  or  is  close 
to  it.  Zones  in  which  the  bound  between  the  frictional  metal  ceramics 
layer  and  the  steel  base  is  absent  are  detected  by  the  ultrasonic  shade 
method  (see  Flaw  Detection  in  Multilayered  Discs). 

Yu.  V.  Lange- 
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FLAW  DETECTION  IN  MULTILAYERED  DISCS.  Brake  and  clutch  discs  are 
usually  made  in  the  form  of  a  2-  or  3-layer  design  consisting  of  a 
steel  base  and  friction  elements  from  metal  ceramics  or  plastics  from 
one  or  both  sides;  the  friction  elements  are  connected  to  the  base  by 
diffusion  sintering.  The  main  defect  which  sharply  impairs  the  operat¬ 
ing  characteristics  of  discs  or  individual  segments  from  which  the 
discs  are  assembled,  is  the  disturbance  of  the  bound  between  the  fric¬ 
tion  elements  and  the  steel  base,  which  result  in  local  overheating  of 
the  disc  in  service,  its  jamming  and  failure.  Detection  of  zones  with 
defective  binding  can  be  performed  by  the  ultrasonic  shade  method  in  the 
immersion  version  (see  Ultrasonic  Flaw  Detection).  The  fact  that  ultra¬ 
sound  is  substantially  attenuated  in  ceramics  makes  it  necessary  to  use 
ultrasonic  vibrations  with  a  frequency  not  above  1-2  megacycles,  which 
limits  the  sensitivity  of  the  method  and  makes  it  impossible  to  detect 

O 

flaws  with  an  area  smaller  than  5-8  mm*-.  Scanning  is  done  along  a  spiral, 
for  which  purpose  the  disc  being  inspected  is  rotated  about  its  axis, 
and  the  generating  and  receiving  search  heads,  which  are  rigidly  and 
concentrically  fastened  on  a  fork,  are  moved  along  the  disc's  radius. 

The  disc  of  the  recording  device,  with  electrothermic  paper  on  which 
the  flaw  detector  readings  are  recorded  fastened  to  it,  which  repro¬ 
duces  the  shape  and  dimensions  of  the  disc  and  the  defective  zones  in 
it,  is  seated  on  the  came  axis  with  the  disc  being  inspected. 

D.  S.  Shrayber 
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FLAW  DETECTION  IN  PLASTIC  PRODUCTS.  Blow  holes,  bubbles,  foreign 
inclusions  are  detected  by  the  x-ray  method.  This  method  is  also  good  to 
use  for  detecting  cracks  which  are  oriented  in  the  direction  of  radia¬ 
tion  incidence  or  at  moderate  angles  to  this  direction.  X-ray  apparatus 
which  give  soft  (10-60  kv)  radiation,  for  example  the  RUM-7  device,  are 
used  for  inspection.  Flaws  filled  with  gas  are  also  satisfactorily  de¬ 
tected  by  this  method,  provided  that  their  length  in  the  direction  of 
radiation  incidence  exceeds  3%  of  the  total  product  thickness.  Cleav¬ 
ages  with  a  small  opening  which  are  oriented  in  a  direction  perpendicu¬ 
lar  to  the  irradiation,  cannot  be  detected  by  the  x-ray  method.  Flaws 
in  transparent  and  semi-transparent  plastics  (organic  glass,  etc.  )  are 
detected  by  the  visual  method. 

In  the  simplest  case  the  product  is  illuminated  by  a  simple  incan¬ 
descent  lamp;  here  flaws  (certain  cleavages,  zones  with  a  lower  content 
of  binding  resin  in  glass  plastics,  etc.  )  are  recorded  on  a  lighter 
background  in  the  form  of  dark  spots.  Instead  of  the  visual  evaluation 
of  the  product  quality  use  is  sometimes  made  of  a  system  with  photoele¬ 
ments,  which  record  the  intensity  of  light  which  passes  through  the 
product  in  each  of  the  inspected  cross  sections,  which  makes  it  possi¬ 
ble  to  automate  the  inspection  process. 

Internal  flaws  in  products  whose  shape  is  not  complicated  (sheets, 
bodies  of  re/olution,  etc.  )  made  from  nontransparent  plastics  which  can 
be  immersed  in  a  fluid  are  detected  by  the  Immersion  version  of  the 
ultrasonic  shade  method  (see  Ultrasonic  Flaw  Detection).  A  shade  flaw 
detector  which  operates  at  a  frequency  of  160  kc  is  used  to  detect 
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flaws  with  an  area  larger  than  1  mm2*  The  Inspection  results  are  re- 

p 

corded  by  a  loop  oscillograph;  the  productivity  is  up  to  0. 58  m  /min. 
Flaws  which  emerge  at  the  surface  of  the  product  are  detected  by  the 
color  and  luminescent  methods  of  capillary  flaw  detection.  Cleavages  in 
laminated  plastics  are  detected  by  acoustic  flaw  detection  methods.  The 
impedance  method  makes  it  possible  to  detect  cleavages,  for  example,  in 
glass  plastics  at  a  depth  up  to  4.5  mm,  hut  not  deeper  than  a  half  of 
the  cross  section,  for  which  reason  the  product  must  be  checked  from 
both  sides  for  complete  inspection.  The  IAD-1  and  IAD-2  flaw  detectors 
can  be  used  for  the  impedance  method  inspection.  The  resonant  vibrations 
method  detects  cleavages  at  a  greater  depth,  but  even  in  this  case  the 
product  must  be  inspected  from  both  sides.  If  the  plastic  material  is 
cemented  to  a  more  rigid  base,  then  acoustic  methods  make  it  possible 
to  detect  cleavages  over  the  entire  cross  section  of  the  plastic  mater¬ 
ial.  Flaws  which  cause  local  reductions  In  the  dielectric  strength  or 
products  (cracks,  grooves,  etc.  )  can  be  exposed  by  methods  of  electro¬ 
static  flaw  detection. 


Yu.  V.  Lange 
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FLAW  DEFECTION  IN  PLYWOOD  —  if.  used  primarily  for  detecting  zones 
of  plywood  cleavage.  Cleavages  are  detected  by  acoustic  flaw  detection 
methods.  The  method  of  free  vibrations  is  used  in  the  simplest  form  v/ith 
estimating  the  result  by  ear  (rapping)  or  by  using  apparatus  with  ob¬ 
jective  indicators  (for  example,  the  ChIKP-2  flaw  detector).  It  is  also 
possible  to  use  the  impedance  method;  it  is  inferior  to  the  method  «.f 
free  vibrations  with  respect  to  the  feasibility  cf  detecting  flaws  at  a 
large  depth,  but  at  the  same  time  it  is  superior  to  it  with  respect  to 
sonvenience  and  productivity  cf  inspection.  Flaws  in  plywood  sheets 
with  thickness  of  up  to  20  mm  can  be  detected  by  the  immersion  version 
of  the  ultrasonic  shade  method  (see  Ultrasonic  Flaw  Detection)  using 
law  ultrasonic  frequencies  (-,7  kcps).  A  magnet o strict! on-type  emit*  .*r 
and  receiver  are  used,  the  emission  is  pulsating;  an  electron- ru/  tube 
serves  as  the  indicator. 

References:  bergmnn,  L. ,  Ul’trasvuk  i  ye  go  prirceneniye  v  nauke  i 
tekhnike  [Ultrasound  and  its  Application  in  f cier.se  and  Technology] , 
translated  from  German,  Me  ..cow,  1  yjt. 

»  u  •  S  *  L 
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p'LAW  DETECTION  hi  PRESSWORKED,  ROLLED  AND  DRAWN  SEMIFINISHED  PRO¬ 
DUCTS.  Characteristic  flaws  in  bars,  shapes  and  pipes  are  nonmetallic, 
slag  and  oxide  inclusions,  extrusion  defects,  internal  cleavages,  in¬ 
ternal  and  surface  cracks,  subsurface  blow  holes,  hair  cracks,  surface 
films,  laps,  etc.  In  addition,  a  defect  in  pipes  is  deviation  from  the 
specified  wall  thickness,  and  defects  of  certain  types  of  shapes  are 
transverse  surface  cracks  (for  example,  in  shapes  with  expanded  ends) 
or  cleavege  in  the  longitudinal  seam  in  closed-type  shapes,  vhi/'h  were 
extruded  through  a  reed-type  female  die.  In  pressworked  and  drawn  semi¬ 
finished  products  the  material  is  highly  deformed  for  which  reason  the 
metallurgical  flaws,  as  a  rule,  are  flattened  out  and  stretched  out  in 
the  direction  of  shaping.  Hence,  the  x-ray  and  gamma-ray  flaw  detection 
methods  are  ineffective;  they  can  be  used  in  individual  cases,  for  ex¬ 
ample  for  detecting  cracks  in  steel  pipes  (primarily  in  service).  A  man¬ 
datory  method  for  inspection  of  semifinished  products  of  all  types  is 
visual  inspection,  using  the  naked  eye  as  well  as  optical  means.  The 
visual  method  is  used  *o  detect  surface  flaws  (laps,  films,  bubbles, 
inclusions,  etc.  )  on  bars  and  cn  the  external  surfaces  of  shapes  and 
pipes.  Similar  flaws  on  the  internal  surfaces  are  detected  by  periscope- 
type  optical  instruments  equipped  by  miniature  lighting  devices  which 
make  it  possible  to  inspect  (with  a  moderate  magnification)  the  internal 
surface  of  pipes  and  closed-type  shapes  with  a  length  up  to  10-lu  m.  In 
individual  cases  the  detection  of  cracks  which  emerge  onto  a  surface  ac¬ 
cessible  to  visual  inspection  is  made  easier  by  using  methods  of  capil¬ 
lary  flaw  detection.  Bars,  pipes  and  shapes  from  ferromagnetic  alloys 
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arc  most  expediently  inspected  by  magnetic  flaw  detection  methods 
(usually  using  circular  magnetization);  here  the  locations  of  various 
surface  and  subsurface  flaws  (including  hair  lines  and  cracks)  are  de¬ 
tected  by  the  settling  of  magnetic  powder  particles.  Inside  surfaces 
are  inspected  by  optical  devices  similar  to  those  mentioned  above.  Bars, 
shapes  and  pipes  are  also  inspected  by  electric  induction  flaw  detec¬ 
tion  methods,  which  are  based  on  the  use  of  eddy  currents  and  make  it 
possible  to  detect  surface  and  subsurface  cracks,  blow  holes  and  in¬ 
clusions  as  well  as  to  measure  the  wall  thickness.  These  methods  are 
most  suitable  for  inspection  of  serially-produced  articles  of  the  same 
type,  since  they  can  be  easily  automated. 

Methods  of  ultrasonic  flaw  detection  are  quite  effective  for  in¬ 
spection  of  bar  stock,  pipes  and  shapes.  Using  the  contact  and  immersion 
versions  of  the  resonance,  shade  and  echo  method,  and  utilizing  the  var¬ 
ious  types  of  ultrasonic  waves,  measurements  are  taken  of  the  wall 
thickness  of  shapes  and  pipes  (including  shapes  and  pipes  with  variable 
cross  section),  and  various  surface  and  internal  flaws  are  also  detected. 
Bar  stock  with  a  sufficiently  large  diameter  (40-50  mm  and  more)  are  in¬ 
spected  by  longitudinal  waves,  which  are  introduced  through  the  end 
surface  and  are  directed  parallel  to  the  bar  stock  axis  (here  the  search 
unit  is  moved  along  the  entire  end  surface).  If  the  damping  of  ultra¬ 
sound  in  the  bar  stock  material  is  moderate  (for  example,  in  a  press- 
worked  aluminum  bar  stock),  then  this  method  can  be  used  to  inspect  bar 
stock  with  a  length  of  up  to  8-10  m.  Ultrasonic  waves  can  also  be  in¬ 
troduced  through  the  side  surface  of  bar  stock.  If  then  the  longitudi¬ 
nal  waves  are  directed  along  a  plane  perpendicular  to  the  bar's  axis, 
then  very  small  flaws,  primarily  in  the  core  zone  of  the  bar  stock  are 
effectively  detected  by  the  echo  method.  The  annular  zone  of  the  bar 
cross  section  which  is  situated  beneath  tne  surface  at  a  depth  of  up  to 
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0  min  is  a  "dead  zone"  and  this  kind  of  inspection  cannot  be  used  to 
detect  flaws  in  it.  This  zone  can  be  inspected  by  using  the  shade  me¬ 
thod  as  well  as  by  introducing  the  ultrasonic  ray  in  the  diametral 
plane  at  a  sharp  to  the  normal.  In  the  latter  case  (as  a  result  of  re¬ 
fraction)  shear  waves  which  are  propagated  in  the  diametral  plane  of 
the  bar  under  a  sharp  angle  to  its  axis  are  excited  in  the  bar's  body. 
Under  the  above  arrangements  of  irradiation  the  bar  stock  is  rotated 
about  its  axis,  and  the  search  head  is  moved  along  the  generatrix.  The 
ultrasonic  ray,  scanning  along  a  cylindrical  spiral,  will  thus  inter¬ 
sect  its  entire  volume,  which  makes  it  possible  to  reliably  detect 
boundaries  of  extrusion  defects,  internal  and  surface  cracks,  cleavages 
and  other  flaws.  Shapes  are  usually  also  inspected  by  using  shear 
waves  which  form  as  a  result  of  transformation  of  longitudinal  waves, 
which  are  introduced  into  the  metal  through  a  layer  of  contact  lubricant 
or  through  an  immersion  medium.  Since  the  shape  usually  has  flat  side 
faces,  it  is  impossible  to  rotate  it  and  scan  it  along  a  spiral,  for 
which  reason  scanning  is  usually  done  by  short  strokes  with  the  search 
head  moving  rectilinearly  back  and  forth  along  the  profile  and  being 
displaced  through  a  specified  distance  (scanning  pitch)  in  the  trans¬ 
verse  direction  after  each  short  stroke  is  completed.  When  a  shape  is 
of  intricated  form  it  may  be  found  that  it  is  impossible  to  sound 
through  its  individual  zones  with  the  orientation  of  the  search  head  in 
space  remaining  unchanged/  since,  as  a  result  of  refraction,  the  ray 
may  not  reach  the  zone.  In  these  cases  programmed  scanning  is  performed, 
which  ensures  the  introduction  of  ultrasound  at  any  place  at  an  op  imum 
angle.  Such  scanning  can  only  be  performed  in  complex,  mechanized  and 
automated  immersion- type  installations.  Using  surface  waves  it  is  pos¬ 
sible  to  detect  cracks  which  form  at  surfaces  of  special  shapes  (with 
expanded  ends)  in  the  process  of  manufacture  or  machining  (twisting, 
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strai  ;htening).  This  inspection  is  p.jrfom>;<l  by  the 
the  echo  method,  using  a  special  search  In: ad  with  on  adjustable  angle 
ol'  ultrasound  introduction.  Ultrasonic  methods  can  also  be  used  to  in¬ 
spect  pipes  with  different  wall  thickness  and  cross-sectional  shape. 

The  most  expedient  inspection  that  based  on  the  introduction  of  longi¬ 
tudinal  ultrasonic  waves  (through  an  immersion  or  jet  contact)  into  the 
pipe  body  in  a  plane  perpendicular  to  th-.  pipe  axis,  but  outside  the 
diametral  niane,  at  a  sharp  angle  to  the  normal.  Co-called  shear  and, 
for  particular  angles  of  incidence  (usually  for  a  small  wall  thickness 
of  not  more  than  3— ‘  ram)  so-called  normal  or  Lamb's  waves  are  excited 
in  the  pipe  cross  section  as  a  result  of  refraction.  The  shear  waves, 
which  are  multiply  reflected  from  the  external  and  internal  pip.  sur¬ 
faces,  travel  over  its  entire  cross  section  and,  upon  encountering  a 
flaw  in  the  path  of  their  propagation,  they  are  reflected  also  from  it, 
giving  an  echo  signal  which  is  visible  on  the  ins t rument '  "•  screen  under 
the  echo  method,  or  reduciag  the  amplitude  of  the  passing  signal  in 
inspection  by  the  shade  method.  Normal  waves  are  propagaged  through  the 
pipe  cross  section  in  the  same  manner  as  in  a  wave  guide,  for  which 
reason  any  changes  in  the  pipe  cross  section  (internal  or  surface  flaws, 
changes  in  the  wall  thickness)  produce  a  reflection  of  the  ultrasound 
energy,  which  can  be  recorded  either  by  the  appearance  of  the  echo  sig¬ 
nal  or  by  a  reduction  in  the  energy  which  has  emerged  through  the  de¬ 
fective  cone.  In  this  kind  of  pipe  Inspection  the  ultrasound  Is  intro¬ 
duced  In  a  single  point  and  does  not  require  rotation  of  the  pipe.  For 
this  reason  scanning  reduces  only  to  moving  the  search  head  along  the 
generatrix,  which  substantially  simplifies  th-  achieving  of  acoustic 
contact  and  makes  inspection  highly  productive  with  a  high  sensitivity. 
The  flaw  detector  readings  can  be  recorded  by  a  special  recording  de- 
\ice  on  a  strip  from  elect rothermal  paper, 
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FLAW  DETECTION  In  PROTECTIVE  COATINGS  -  inspection  of  the  thickness 
and  continuity  of  coatings.  Methods  given  in  the  table  are  used  for 
testing  the  thickness  of  protective  coatings.  The  basic  methods  are  the 
electrical  induction  and  magnetic  methods.  Capillary  and  electrostatic 
methods  are  used  for  checking  the  continuity  of  certain  kinds  of  coat- 
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Thickness  of  Coatings 
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I )  M.thod;  2)  field  of  application;  3)  magnetic  brec  ;-off,  magnetic  in- 
:n:un;  •• )  nonmagnet i  •  metallic  and  nonmetallic  coatings  of  magnetic 
■*  sis,  nickel  ■eatings  of  steels;  b)  electrical  induction;  6)  nonelec- 
1  ’T  ally  conducting,  coatings  of  nonmetallic  materials,  nonmagnetic  me- 
•  alll  1  coatings  of  nonnagnet ic  materials  provided  shat  the  electrical 
■  n  lu :ti vit ies  of  the  ■ eating  and  base  metals  differ;  7)  thermoelectric; 
" )  metallic  coatings  <  f  metals  provided  that  the  thermal  emf  of  the 
■eating,  and  base  metal,  differ;  j)  based  cn  the  use  of  radiation  of 
r-i  lioaotive  compounds;  i 0 )  coatings  and  bases  which  differ  by  their 
at.omi  ■  number. 


lag.:  (see  Capillary  F.  as 
Cra.-ks.,  nures  and  other 
at-'.-  de *  •;  : t.e  1  by  the  Lab- 


I>jtectlon,  Electrical  Induction  Flaw  Detection). 
•'  aw.  ; i.  lacquer  and  paint  coatings  of  metals 
1,  GIPl-s  and  similar  flaw  detectors,  the  opera- 


i  —  u  . 

i  i  on  or  whi oh  is  based  <  n  an  into ',rai-.;d  u  ;  <.i'  the  el-rtrioal  r-,-.  i;  t,- 
ancu  and  capillary  methods.  Flaws  in  thick,  for  example,  heat -protec¬ 
tive  coatings  are  detected  by  the  acoustic  and  ultrasonic  methods  (..act 
Acoustic  Flaw  Detection,  Ultrasonic  Flaw  Detection). 

G.  Yu.  Cila-Novitskiy 
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FLAW  DETECTION  IN  RIVETED  JOINTS.  The  most  dangerous  and  most  fre¬ 
quently  encountered  flaws  of  riveted  joints  are  radial  cracks.  These 
cracks  start  underneath  the  rivet  heads  and,  propagating,  can  cover  the 
distance  between  rivet  holes  in  the  sheet  without  emerpi  at  the  sur¬ 
face.  Slitting  of  the  rivet  body  is  also  sometimes  enco  ared. 

Radial  cracks  in  sheets  and  slitting  of  rivets  are  detected  by  the 
ultrasonic  echo  method  (see  Ultrasonic  Flaw  Detection),  which  makes  it 
possible  to  inspect  riveted  joints  without  removing  the  rivets.  It  is 
possible  to  use  type  UDM-1M,  V4-yi,  UZD-7N  pulse  flaw  detectors  or  other 
similar  instruments.  The  inspection  is  usually  performed  at  a  frequency 
of  2.5  megacps  using  angle  search  units.  Sometimes  small-size  search 
units  are  used,  since  they  should  fit  freely  between  rivet  heads.  The 
angle  of  incidence  of  ultrasonic  waves  and  the  position  of  the  search 
unit  in  the  article  are  selected  so  as  to  subject  to  the  waves  the  zone 
of  the  most  probable  crack  appearance  (Fig.  1);  in  this  position  the 
search  unit  is  moved  around  the  rivet.  The  slitting  of  rivets  can 
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Fig.  1.  Ultra¬ 
sonic  inspec¬ 
tion  of  a  rivet¬ 
ed  joint.  1) 
Search  unit;  2) 
rivet. 
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f  - '  -tod  i'.v  u.  'n  .  i  L.ght  search  unit.  <»,'  a  . .[>■,-  ini  .nape,  *, 

•  :  uses  -v liable  a  our. t. Leal  contact  with  tlv ;  »*1  v«; i.  i..,ad:  th  ultra. .on i -• 
waver  are  then  made  to  impinge  in  the  direction  of  the  rivet  uxi...  The- 

surface  of  the  sheet  or  the  rivet  hear]  is 
cleaned  by  an  abrasive  dine  to  nr no /e  boi  ler 
scale,  rust  and  rough  irregularities,  where¬ 
upon  it  is  lubricated  by  avtol-6  oil,  etc.  I 1 
a  crack  is  present,  the  ultrasonic  wave  is 
reflected  from  it  and  given  a  signal  in  the 
shape  of  a  peak  on  the  flaw  detector  .  ere  :n. 

The  instrument  is  calibrated  by  the  reflection 
of  a  sound  wave  from  an  artificial  flaw  (under¬ 
cut)  which  imitates  a  crack  in  a  standard 
specimen.  The  quality  of  the  flaw  detector  operation  is  checked  by  re¬ 
flection  of  the  ultrasonic  wave  from  the  edge  of  the  rivet  hole. 

Radial  cracks  in  r.tee'1  riveted  constructions  can  also  bu  dele  'ted 
by  magnetic  particl  inspection,  but  this  requires  removal  of  the  rivet*,. 
A  cable  (Fig.  2)  through  which  alternating  current  with  the  force  of  up 
to  1500  amps  flows  is  passed  through  the  rivet  holes.  As  a  result  of 
this  a  circular  magnetic  field  is.  formed  around  the  hole.  Simultaneously 
the  inspected  section  of  the  article  is  covered  by  a  magnetic  r.u  “.pen¬ 
sion,  particles  of  which  settle  on  the  zone  in  which  encks  are  to  be 
detected  and  scattered  magnetic  fields  arise  over  them.  Sometimes  an¬ 
other  magnetization  method  is  used  in  which  electric  contacts,  ("stop¬ 
pers")  are  placed  in  neighboring  rivet  holes;  in  this  case  the  electric 
uiTent  flows  directly  through  the  article. 

References;  Sokolov,  V.  S.  ,  Defoktoskopiya  mat.erialov  [Flaw  Detec¬ 
tion  in  Materials),  Moscow- Leningrad,  1x7;  Bogoslovskiy,  Yu.  V. ,  U1  •- 
trazvukovoy  defektoskop  UZD-YIJ  [The  UZD-7M  Ultrasonic  Flaw  Detector), 

rl'S.-  OW,  ljj(.  i.,’«.  Y-* ITiOloV 


i  j  -.  2.  Inspection 
of  the  riveted 
joint  of  a  boiler 
(i  sum  by  magnetic 
particle  inspection. 
1)  v;  2)  amps. 


FLAW  DETECTION  III  ROLLED  PLATES.  External  and  internal  f  lav.  3  in 


rolled  metal  plates  are  detected  by  the  shade  and  >>-"ho  ultrasonic  flaw 
detection  methods.  Elastic  vibrations  (usually  longidtudinal )  are  in¬ 
troduced  into  the  plate,  most  frequently  through  a  thick  fluid  layer 
(immersion  contact).  Flaws  in  hot-rolled  steel  plates  with  a  thickness 
above  10  ram  and  width  up  to  2800  mm  can  be  detected  by  the  LETI  auto¬ 
mated  ultrasonic  shade  installation.  To  Increase  the  productivity,  it 
uses  288  pairs  of  search  heads.  Emitting  and  receiving  units  are  placed 
on  a  stationary  traverse  on  different  sides  of  the  plate  which  moves  in 
a  water  bath  with  a  speed  of  up  to  10  m/min.  The  elastic  waves  are 
radiated  in  pulses  with  a  carrying  frequency  of  1.3  megacycles.  The 
productivity  of  this  installation  is  up  to  28  m2/min.  The  plates  are 
inspected  in  the  as-received  state  without  additional  mcchining  of  the 
surface.  The  inspection  results  are  recorded  on  a  diagram  which  shows 

the  dimensions.  shaDe  an*  ♦he  1  nation  of  the 
flaws  in  the  plan  to  a  reduced  scale.  Ultra¬ 
sonic  installations  which  use  th-'  echo  method 
primarily  with  immersion  contact  are  also  used 
for  flaw  detection  in  light-alloy  rolled 
plates  (see  Ultrasonic  Flaw  Detection,  Flaw 
Detection  in  Forgings  and  Stampings),  quantity 
inspection  is  performed  in  immersion  baths 
using  automated  installations  which  are 
equipped  with  systems  for  signalizing  and  re¬ 
cording  the  results,  which  ensure  high  produc- 
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Fig.  Specimen  of  re¬ 
corded  cleavages  in 
a  ^0  m.  thick  and 
2. 3  m  wile  steel 
plate. 
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ancj,  it  is  mo  re  ■  :v/..ni  nt  *  u  •.  .  -  ....... 

for  creating  the  immersion  .-on*  a  •-  ( t.v  :  lui  i  v;  j*  -.r.'-ou  % 

the  clearance  between  the  head  and  the  produ  t).  Lia.  ti'  w* ve;:  a- 
introduced  into  the  plate  from  the  bottom  or  top.  I*  is  also  possible 
to  use  the  contact  version  of  the  echo  method,  however,  this  in.  rea.  es 
the  requirements  to  the  quality  of  the  plate's  surface  finish.  The 
echo  method  is  also  used  for  flaw  detection  in  rolled  plates  from  fer¬ 
rous  metals.  The  advantage  of  plate  inspection  by  this  method  is  the 
high  sensitivity,  while  the  disadvantage  is  the  presence  of  a  ao ad  cone. 

References:  Merk.u3.ov,  L.  G.  [  et  al.  j,  Avtomatizatsiya  ul '  trazvukovoy 
dofeKtoskopii  listovogo  prokata  s  polucheniyom  izobtazhenii  vnutrennykh 
defektov  [Automation  of  Ultrasonic  Flaw  Detection  in  Rolled  Sheets  with 
Attendant  Obtaining  of  Images  of  the  Internal  Flaws],  Moscow,  1961 
(Peredovoy  nauchno-tekhnicheskiy  i  proizvodst vennyy  opyt.  T-_-ma  10,  [Ad¬ 
vanced  Scientific-Technological  and  Industrial  Experience.  Topic  10 J, 

No.  M-tl-139/il);  'Iron  and  Steel,"  Vol.  30,  No.  4,  pages  130,  149, 

Yu.  V.  Lange 


1999. 


FLA«  DETECTION  IN  RUBBER  PRODUCTS.  Blow  holes,  bubbles,  and  other 
gas-filled  flaws  whose  length  in  the  direction  of  irradiation  comprises 


not  less  than  4-6 fo  of  the  total  thickness  of  the  product  are  detected 
by  the  x-ray  method.  This  method  can  also  be  used  for  detecting  foreign 
(for  examale,  metallic)  inclusions  in  the  rubber.  X-ray  examination  is 
performed  by  apparatus  with  soft  radiation  (for  example,  RUM-7).  Breaks 
in  the  rubber,  peeling  of  rubber  of  the  cord  and  other  flaws  in  automo¬ 
bile  and  aircraft  tires  are  detected  by  the  ultrasonic  echo  method  (see 
Ultrasonic  Flaw  Detection).  The  tire  to  be  inspected  is  submerged  in  a 
bath  with  liquid  (usually  water)  and  rotated  about  the  axis.  Ultrasonic 
waves,  propagating  from  a  generating  device  placed  at  a  fixed  position 
inside  the  tire,  pass  through  the  layer  of  the  liquid  and  the  product 
and  are  received  by  receiving  heads  which  are  placed  at  the  outside  of 
the  tire.  If  a  flaw  is  present  in  the  path  of  the  ultrasonic  wave,  the 
intensity  of  the  wave  field  in  the  zone  of  the  corresponding  receiving 
head  is  reduced,  which  is  recorded  by  the  apparatus.  The  ShD-1  domestic 
[Soviet]  tire  flaw  detector  has  l8  receiving  heads  and  is  equipped  by 
an  automatic  recording  device  for  recording  the  inspection  results.  The 
working  vibration  frequencies  which  are  used  in  the  instrument  comprise 
50  kcps  and  150  kcps,  the  emission  is  continuous.  The  instrument  relia- 

p 

bly  detects  flaws  with  an  area  of  10  cm  and  greater. 

References:  Bergman,  L. ,  Ul'trazvuk  i  yego  primeneniye  v  nauke  I 
tekhr.lke  [Ultrasound  and  its  Use  in  Science  and  Technology],  translated 
from  German,  Moscow,  1986;  Ryzhov,  V.  I.  and  Ionov,  V.  A. ,  Kontrol1  shin 
ul • trazvukovym  metodom  [Inspection  of  Tires  by  the  Ultrasonic  Method]. 
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FLAW  DETECTION  IN  SEAMLESS  PIPES  -  see  Flaw  Detection  In  Presswork- 


ed.  Rolled  and  Drawn  Semifinished  Products. 
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FLAW  DETECTION  IN  SHAFTS.  Shafts  (including  crankshafts),  as  well 
as  columns,  axles,  piston  rods  and  similar,  primarily  steel,  machine 
components  can  contain  internal  casting  flaws,  as  well  as  surface 
cracks,  i.e. ,  quenching,  grinding  and  fatigue  cracks.  X-ray  and  gamma- 
ray  irradiation  is  used  for  detection  of  internal  volume  flaws  in 
shafts  up  to  200-250  mm  in  diameter.  Similar  defects  in  shafts  up  to 
500  mm  in  diameter  are  detected  by  betatron  radiation.  Fluoroscopy  us¬ 
ing  these  methods  is  possible  provided  that  free  access  exists  to  the 
component  to  be  inspected,  hence  it  is  most  effective  for  the  inspec¬ 
tion  of  shafts  in  the  process  of  production,  and  is  very  limited  during 
use,  since  in  the  majority  of  cases  this  involves  removal  of  the  shaft 
from  the  rest  of  the  assembly.  Capillary  flaw  detection  or  magnetic  flaw 
detection  can  be  used  to  detect  external  cracks,  inspect  cylindrically- 
shaped  components  6-7  meters  long  and  up  to  one  meter  in  diameter.  Mag¬ 
netization  of  a  shaft  requires  passing  through  it  current  of  up  to 
10,000-12,000  amps  through  a  bar  placed  inside  (which  is  not  always  pos¬ 
sible)  or  directly  through  the  shaft  (for  which  purpose  use  is  made  of 
"soft"  contacts  which  eliminate  "bum-on"  of  the  surface).  This  method 
is  suitable  only  when  free  access  to  the  shaft  is  possible.  When  magne¬ 
tizing  crankshafts,  the  magnetic  field  intensity  at  individual  surface 
sections  of  the  shaft  is  found  to  be  different  due  to  differences  in 
cross-sectional  dimensions  and  shape  complexity  which  brings  about 
sharp  changes  in  the  magnetic  field  direction.  It  is  therefore  possible, 
at  sections  with  a  higher  magnetic  field  intensity,  to  record  inexistent 
flaws  (resulting  from  the  magnetic  inhomogeneity  of  the  metal),  which 


isn 


I-‘j5G1 

camouflage  cracks  which  can  thus  remain  undetected.  After  magnetic  in¬ 
spection  is  performed,  the  shaft  must  be  thorough  demagnetized,  which 
is  quite  complex  task  which  limits  the  feasibility  of  flaw  detection  in 
shafts  without  removal  of  the  shaft  from  the  rest  of  the  assembly.  In¬ 
ternal  and  surface  flaws  in  steel  and  nonferrous  alloy  shafts  can  also 
be  detected  by  the  ultrasonic  echo  method,  introducing  ultrasonic  vi¬ 
brations  at  various  angles  from  the  end  and  through  the  surface  of  the 
crankshaft  journal.  The  reliability  of  flaw  detection  in  shafts  can  be 
improved  by  using  several  inspection  methods,  the  selection  of  which  is 
determined  by  specific  conditions,  such  as  the  shape  and  overall  di¬ 
mensions  of  the  shaft,  possibility  of  free  access  to  the  cross  section 
to  be  inspected,  etc. 


D.  S.  Shrayber 
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FLAW  DETECTION  IN  SHAPES  -  see  Flaw  Detection  In  Pressworked, 
Rolled  and  Drawn  Semi-Finished  Products. 
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FLAW  DETECTION  IN  SHEETS.  Surface  defects  of  sheets  (primarily  me¬ 
tallic)  can  be  detected  by  capillary  flaw  detection  methods,  and  some¬ 
times  also  by  the  visual  method.  The  shade  and  echo  methods  of  ultra¬ 
sonic  flaw  detection  are  usually  used  for  detection  of  internal  and 
surface  flaws.  The  immersion  version  is  used  primarily  in  case  of  utili¬ 
zation  of  the  shade  method  for  which  purpose  the  sheet  is  immersed  in  a 
bath  with  a  fluid ;  the  contact  version  using  longitudinal  waves  is  used 
rarely.  To  increase  the  productivity  the  shade  installations  have 
several  pairs  of  generating  and  receiving  heads  (Fig.  1).  The  UKL-2  in- 
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Fig.  1.  Schematic  diagram  of  the  inspection  of  sheets  by  the  ultrasonic 
shade  method  using  axial  ultrasonic  waves,  a)  The  immersion  version;  b) 
the  contact  version;  1)  Generating  unit;  2)  receiver  of  elastic  vibra¬ 
tions. 

stallation  Is  used  for  flaw  detection  in  sheets  with  a  thickness  from  1 
to  15  mm  (with  a  length  up  to  1.5  Q  and  width  up  to  1.0  m).  The  install¬ 
ation  has  10  pairs  of  heads  and  works  at  a  frequency  of  2.8  megacycles; 
pulsating  signals  are  used.  The  minimum  size  of  a  flaw  which  can  be  de- 
tected  is  2. 5  mm  ;  the  productivity  is  0.2m  /min.  Light  and  sound  sig¬ 
nals  and  an  automatic  stopping  device  which  stops  the  feeding  of  the 
sheet  upon  discovery  of  a  defect  are  available.  Another  shade  installa¬ 
tion  for  inspection  of  sheets  and  plates  thicker  than  10  mm  has  a  pro- 

p 

ductivity  up  to  28  m  /min  and  is  equipped  by  a  system  for  recording 
flaws  which  are  detected.  The  echo  method  is  sometimes  used  for  flaw  de- 
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tection  in  sheets  more  than  2-3  mm  thick.  Longitudinal  ultrasonic  waves 
are  introduced  along  the  normal  to  the  sheet  surface  by  means  of  a  com¬ 
bined-type  head.  In  the  absence  of  flaws,  multiple  reflections  from 
boundaries  are  observed  on  the  flaw  detector  screen,  which,  for  sheets 
thicker  than  4-6  mm,  are  visible  in  the  form  of  individual  pulses  and 
for  thinner  sheets  they  combine  into  a  single  signal.  The  presence  of  a 
flaw  produces  a  reduction  in  the  number  of  images  and  a  reduction  in 
the  distance  between  neighboring  pulses,  and  in  the  inspection  of  thin 
sheets  it  reduces  the  duration  of  the  signal  which  is  formed  by  the 


Fig.  2.  Schematic  drawing  of  sheet  inspection  by  the  contact  version  of 
the  ultrasonic  shade  method  using  normal  ultrasonic  waves.  1)  Wave  gen¬ 
erator;  2)  receivers  of  elastic  vibrations. 


multiple  reflections  in  the  sheet.  Longitudinal  ultrasonic  waves  are 
used  primarily  to  detect  flaws  which  are  oriented  parallel  to  the 
planes  of  the  sheet.  Defects  of  any  orientation  are  detected  by  using 
normal  waves  (or  Lamb's  waves),  which  are  particularly  effective  for 
inspection  of  thin  (less  than  5  nun)  sheets.  In  the  shade  method  of  flaw 
detection  in  sheets  using  normal  waves  (Fig.  2)  the  generating  and  re¬ 
ceiving  heads  of  the  flaw  detector  are  placed  a  distance  of  20-50  cm 
from  one  another.  The  flaw  reduces  the  ultrasonic  field  intensity  in 
the  zone  where  the  receiving  head  is  located.  An  installation  is  used  in 
the  FRG  which  makes  it  possible  to  operate  three  pairs  of  heads  simul¬ 
taneously.  The  sheet  is  not  controlled  completely,  but  rather  in  zones 
in  the  shape  of  30  cm  wide  parallel  strips  (the  distance  between  the 
generating  and  receiving  heads  of  a  single  pair).  Neighboring  strips 
are  removed  50  cm  from  one  another.  The  lubrication  of  the  sheet  sur¬ 
face  at  points  of  its  contact  witn  the  heads,  pressing  of  heads  (to  the 
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sheet)  and  feeding  of  the  sheet  at  a  rate  of  from  0. 1  to  1  m/sec  is  aut¬ 
omatic.  The  installation  uses  continuous  vibrations  with  frequencies  of 
2.8,  3«0  and  3*2  megacycles]  a  device  is  available  for  signalling  about 
the  presence  of  a  defect. 


Fig.  3.  Schematic  drawing 
of  the  echo  method  using 
normal  waves.  1)  The  sheet 
being  inspected]  2)  head 
which  makes  possible  to 
adjust  the  angle  at  which 
the  ultrasonic  vibrations 
are  introduced]  3)  flaw. 

An  effective  :.ieans  of  flaw  detection  in  sheets  is  the  echo  method 
using  normal  waves  \>nirh  are  introduced  by  the  contact  (Fig.  3)  or  im¬ 
mersion  (Fig.  4}  methods.  The  criterion  for  the  presence  of  a  flaw  is 
an  echo  signal  reflected  from  it.  When  using  normal  waves  it  is  possible 
to  obtain  a  higher  productivity  of  single  pair  of  heads  in  the  shade 
method  or  of  one  head  in  the  echo  method  as  compared  with  the  use  of 
longitudinal  waves.  The  ultrasonic  beam  of  normal  waves  penetrates  a 
strip  along  the  sheet  to  a  distance  of  several  tens  of  cm,  while  a  beam 
of  longitudinal  waves,  which  *■  ~  directed  perpendicular  to  the  sheet  sur¬ 
face,  embraces  an  area  whic  .  pproxlmately  equal  to  the  area  of  the 
generating  head.  Hence,  for  example,  in  Inspecting  sheet  cards  by  the 
echo  method  using  normal  waves  it  is  not  necessary  to  move  the  head 
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over  the  entire  surface  of  the  sheet,  and  it  is  frequently  sufficient 
to  place  it  in  the  center  of  the  card  and  to  revolve  it  over  36O0. 


Pig.  4.  Schematic  drawing  of  sheet  inspection  using  the  immersion  ver¬ 
sion  of  the  ultrasonic  echo  method  with  use  of  normal  ultrasonic  waves. 
1)  The  sheet  being  inspected:  2)  head  with  adjustable  angle  of  ultra¬ 
sonic  vibration  direction;  3)  housing  filled  with  an  immersion  fluid; 

4)  pump. 

The  thickness  of  metal  sheets  accessible  from  one  side  is  measured 
by  ultrasonic  methods.  Thicknesses  of  up  to  10-15  mm  with  an  error  of 
1-3#  are  measured  by  the  ultrasonic  resonance  method,  while  greater 
+rxcknesses  are  measured  by  the  echo  method  whose  error  comprises  2-5#* 
Certain  ultrasonic  echo  flaw  detectors  (for  example,  the  USIP-9  of  the 
West  German  company,  Krautkrfimer)  are  equipped  with  special  extensions 
for  measuring  thicknesses  within  the  limits  of  4-60  mm  (for  steel)  with 
an  error  of  2-3#*  It  is  also  possible  to  measure  thicknesses  by  the 
magnetic  thickness  measurement  and  the  electric  resistance  methods,  as 
well  as  oy  the  contactless  methods  of  gamma-ray  thickness  measurement 
and  eddy  currents.  Contactless  methods  also  make  it  possible  to  measure 
the  thickness  of  a  moving  sheet  (in  certain  cases  heated  to  a  high  tem¬ 
perature). 

References:  Shrayber,  D.  S.  and  Lange,  Yu.V. ,  Ul* trazvukovaya  defek- 
toskopiya  2a  rube2hom  [Ultrasonic  Flaw  Detection  Abroad),  "ZL. M  Vol.  25, 
No.  7,  page  839,  1959;  Merkulov,  L.G.  [et  al. ],  Avtooatizatciya  ul'tra- 
zvukovoy  dofektoskopii  listovogo  prokata  s  polucheniyem  izobrazhenil 
vnutrennykh  defektov  [Automation  of  Ultrasonic  Flaw  Detection  in  Rolled 
Sheets  with  Attendant  Obtaining  of  Images  of  the  Internal  Flaws),  Hos- 
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C3W,  1961  (Peredovoy  nauclmo-tukhnichockly  1  proizvodstvenny  opyt.  Terna 
10,  [Advanced  Scientific-Technological  and  Industrial  Experience.  Topic 
10],  No.  M-61-139/11). 

Yu.  V.  Lange 
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FLAW  DETECTION  IN  GLIDING  BEARINGS.  Zones  where  the  antifriction 
layer  peels  off,  oxide  films,  porosity,  cleavages  in  the  base  metal, 
etc.,  are  detected  primarily  by  the  shade  and  echo  versions  of  the  ultra¬ 
sonic  method  (see  Ultrasonic  Flaw  Detection).  The  UZDR-60  domestic 
[Soviet]  ultrasonic  flaw  detector  detects  flaws  in  sliding  bearings  us¬ 
ing  the  contact  and  immersion  versions  of  the  echo  and  shade  methods. 

The  shade  method  is  used  in  the  standard  as  well  as  in  the  mirror  ver¬ 
sion,  under  which  it  <s  sufficient,  to  have  one-.;ided  access  to  the 
article.  In  the  UZDR-60  flaw  detector  the  flaws  are  noted  by  switching 
on  light  and  sound  signals.  In  another  domestic  installation  for  in¬ 
spection  of  large-size  bearing  liners  use  is  made  of  the  immersion  ver¬ 
sion  of  the  ultrasonic  shade  method.  The  generating  and  receiving  heads 
of  the  flaw  detector  are  situated  in  a  fluid  at  the  external  and  in¬ 
ternal  sides  of  the  product.  The  heads  are  moved  relative  to  the  liner 
by  mechanical  means  which  takes  place  along  a  spiral  line  with  a  lead 
of  £  mm  for  rotating  velocity  of  1'}  rpn.  Zones  where  the  antifriction 
layer  peels  off  and  where  cleavages  exist  in  the  base  material  are  de¬ 
tected  if  their  area  is  0.  £-0. 8  em^  and  greater. 

References:  3ogatyrev,  V. G.  and  Semenov,  R.  A. ,  Avtomatizirovan- 
naya  ustanovka  dlya  kontrolya  vkladyrhey  ul ' trazvukovym  metodom  (i:\ 
cpyta  Kolomenskogotcplovozcstroitel 'nogc  zavoda).  Soveshehaniye  po  vo- 
prosam  kontrolya  nerazrushayushchimi  metodami  ( Defcktoskopiya).  Kon- 
spokty  dokladov  [An  Automated  Installation  for  Inspection  of  Liners  by 
the  Ultrasonic  Method  (from  the  experience  of  the  Kolomna  Diesel  Loco¬ 
motive  Building  Plant).  Conference  on  the  problems  of  Nondestru:ti ve 
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'fisting  (Flaw  Detection).  Abstracts  of  reports,  collection  1,  Moscow, 
10(i8;  Petrov,  B.A. ,  U1 1  trazvukovoy  defektoskop  UZDR-60  dlya  avtomati- 
satsii  kontrolya  vkladyshey  podshipnikov  [The  UZDR-60  Ultrasonic  Flaw 
Detector  for  Automating  the  Inspection  of  Bearing  Liners],  Moscow,  1961 
(Peredovoy  naucbno-tekhnicheskiy  i  proizvodstvennyy  opyt.  Tema  10  [Ad¬ 
vanced  Scientific-Technological  and  Industrial  Experience.  Topic  10],  No. 
M -61-192/14). 

Yu.  V.  Lange 
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FLAW  DETECTION  IN  SOLDERED  JOINTS.  Zones  of  disturbance  of  solder¬ 
ed  joints  in  multilayered  products  with  parallel  opposite  surfaces  are 
detected  by  the  ultrasonic  methods  -  resonance,  shade  or  echo  method 
(see  Ultrasonic  Flaw  Detection).  If  the  joint  is  sound,  the  ultrasonic 
waves,  propagating  perpendicular  to  the  joint  surface,  pass  through  it 
without  perceptible  reflection.  A  flaw  produces  strong  reflection  of 
the  elastic  waves  which  is  recordea  by  the  apparatus.  The  resonance  and 
echo  methods  are  used  when  the  article  is  accessible  from  one  side,  the 

shade  method  usually  requires  access  from  both  sides.  Ultrasonic  me- 

2 

thodd  make  it  possible  to  detect  flaws  with  an  area  of  0. 5-1.0  cm  .  De¬ 
fects  of  soldered  joints  between  a  thin  (up  to  0. 3-1. 0  mm  for  steel) 
skin  and  the  more  rigid  internal  element  are  detected  by  the  impedance 
method  (see  Acoustic  Flaw  Detection),  which  is  particularly  effective 
for  the  thinnest  skins  and  in  the  case  when  the  product  to  be  inspected 
has  curvilinear  surfaces,  when  the  use  of  ultrasonic  methods  is  diffi¬ 
cult.  Flaws  of  soldered  joints  which  are  oriented  perpendicular  or  at 
large  angles  to  the  surface  of  the  product  can  be  detected  by  x-ray 
fluoroscopy  (see  X-Ray  Flaw  Detection)  or  by  the  echo  method  (usually 
using  transverse  waves).  Flaw  detection  in  soldered  joints  between  the 
skin  and  the  honeycomb  filler  is  performed  by  the  impedance  method  (for 
steel  skins  up  to  0. 7.-0. 8  mm  thick),  the  immersion  version  of  the  ultra¬ 
sonic  echo  method,  the  electric  contact  and  *-ray  methods,  methods  based 
on  the  effect  of  the  flaw  on  heat  transfer  (heat-sensitive  paints,  de¬ 
termination  of  the  thermal  relief  of  the  skin  surface  by  infrared  rays) 
etc.  For  flaw  detection  of  soldered  joints  of  honeycomb  panels  automat- 
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ic  installations  were  developed  which  make  it  possible  to  record  the 
inspection  results.  The  figure  shows  a  specimen  of  such  a  recording 
which  was  obtained  on  an  installation  (USA)  using  the  immersion  version 
of  the  ultrasonic  echo  method. 


Fig.  Specimen  of  recording  of  flaws  in  a  soldered  joint  between  the 
skin  and  honeycomb  fillers. 

References:  Shrayber,  D. S. ,  Ul'trazvukovoy  rezonansnyy  metod  defek- 
toskopii  [The  Ultrasonic  Resonance  Flaw  Detection  Method],  Moscow,  1953 
(ITEIN,  K-197)j  Filippi,  F.  J.  Qualitative  analysis  of  brazed  sandwich, 
"Nondestructive  Testing, "  Vol.  17,  No.  1,  pages  39-45,  1959* 

Yu.  V.  Lange 
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FLAW  DETECTION  IN  STAMPINGS  -  see  Flaw  Detection  In  Forgings  and 
Stampings. 
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FLAW  DETECTION  IN  WELDED  JOINTS.  The  quality  of  welded  joints  is 


inspected  primarily  by  irradiating  the  seam  by  x-rays  and  gamma- rays, 
and  by  magnetic,  capillary  and  ultrasonic  flaw  detection  methods.  Mag¬ 
netic  flaw  detection  methods  are  used  to  inspect  welded  joints  from 
ferro  magnetic  materials.  Here  defects  which  emerge  at  the  welded  seam 
surface  are  detected.  When  the  seam  reinforcing  bead  is  removed  it  is 
possible  to  detect  subsurface  flaws  which  lie  at  a  depth  of  not  more 
than  2  mm.  The  magnetographic  method  is  used  to  detect  flaws  in  thin 
butt-welded  joints  (not  more  than  12  mm  thick). 

Luminescent  flaw  detection  and  the  color  flaw  detection  method  are 
used  primarily  for  detecting  flaws  in  welded  joints  from  ferromagnetic 
and  nonferromagnetic  materials  which  emerge  at  the  surface. 

Control  of  quality  of  welded  joints  by  x-ray  and  gamma-ray  irradi¬ 
ation  as  well  as  by  betatron  radiation  (for  steel  thicker  than  200  mm) 
makes  it  possible  to  detect  internal  flaws  in  the  welded  seam  and  in 
the  region  near  the  seam:  gas  inclusions  (pores,  gas  pockets),  slag  in¬ 
clusions,  lack  of  penetration,  cracks.  X-ray  and  gamma-ray  fluoroscopy 
does  not  guarantee  detection  of  small  cracks  which  lie  in  a  plane  mak¬ 
ing  an  angle  of  more  than  5°  with  the  direction  of  the  passing  rays, 
and  lack  of  penetration  in  the  form  of  tight  adhesion  of  the  metal 
(lack  of  fusion  without  a  gas  or  slag  interlayer).  The  following  mutual 
relationship  between  the  positions  of  the  emitter,  inspected  article 
and  radiation  detector  must  be  observed  in  x-ray  and  gamma- ray  fluoro¬ 
scopy  of  welded  joints  of  various  types:  a)  butt  joints  with  the  joint 
faces  cut  *  aight  and  with  space  for  the  filler  metal  are  inspected 
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with  the  center  ray  directed  perpendicular  to  the  scam  (Pig.  la);  b) 
angular  seams  in  lap  joints  are  inspected  with  the  center  ray  directed 
at  a  45°  angle  to  the  plane  of  the  sheet  (Pig.  lb);  it  is  also  permiss 


Fig.  1.  Relative  positions  of  the  emitter,  welded 
joint  and  radiation  detector  for  inspection  by  pene¬ 
tration  radiation.  I)  Bnitter;  D)  detector;  (a)  angle 
of  inclination  of  the  center  ray  to  the  product  sur¬ 
face.  1)  I;  2)  D. 


ible  to  make  inspection  with  the  rays  directed  perpendicular  to  the 
plane  of  the  sheet  (Fig.  lc);  c)  seams  in  T  joints  without  space  for 
the  filler  metal  are  inspected  with  the  center  ray  directed  at  an  single 
of  45°  to  the  flange  of  the  T  (Fig.  Id);  d)  seams  in  T  joints  with  the 
end  faces  cut  at  an  angle  in  one  or  two  directions  are  inspected  with 
the  center  ray  directed  at  a  45°  angle  to  the  T  flange  (Fig.  le  and  f); 

e)  seams  in  angle  joints  are  inspected  with  the  center  ray  directed 
along  the  bisector  of  the  angle  between  the  welded  elements  (Fig.  lg); 

f)  annular  and  longitudinal  seams  in  cylindrical  or  spherical  products 
(pipes,  boilers,  vessels)  can  be  inspected  by  placing  the  source  inside 
the  product  (Fig.  11)  or  outside  the  product  (Fig.  lh)  with  the  center 
ray  directed  per;  mdlcular  to  the  seam  direction;  g)  annular  and  longi- 
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tudinal  seams  in  products  (pipes,  vessels,  etc. )  whose  shape  makes  it 
impossible  to  place  the  radiation  source  or  the  detector  inside  of  them, 
are  inspected  by  placing  the  detector  from  the  outside  of  the  seam  at 
an  angle  to  the  product's  axis  (Pig.  Ik  and  1)  in  such  a  manner  that 
the  images  of  two  oppositely-located  sections  should  not  be  superimposed 
on  one  another. 

Quality  control  of  welded  joints  by  ultrasonic  flaw  detection  me¬ 
thods  is,  as  a  rule,  performed  by  the  pulse  echo  method  using  refract¬ 
ing  search  heads  which  are  located  at  a  certain  distance  from  the  weld 
reinforcement  bead  (Fig.  2).  The  angle  0  between  the  direction  of  propa¬ 
gation  of  the  center  ray  in  the  metal  and  the  normal  to  the  surface  at 
which  the  vibrating  device  is  placed,  is  called  the  refraction  angle  or 
the  angle  of  ray  introduction.  Welded  seams  are  inspected  by  search 
coils  with  the  ray  introduction  angle  from  to  40  to  70°.  Butt  joints 
from  10  to  25  mm  thick  are  inspected  by  a  ray  singly  refracted  from  the 
opposite  surface  of  the  metal  (Pig.  3a),  seams  from  25  to  50  mm  thick 
are  inspected  refracted  as  well  as  direct  rays;  seams  more  than  50 
mm  thick  are,  as  a  rule,  inspected  by  a  direct  ray.  Angle  and  T  joints 


Fig.  2.  Inspection  of  a  welded  joint  by  a  direct  ultrasonic  ray.  1) 
Piezoelectric  element;  2)  body  (prism)  of  the  search  head;  3)  hose  con¬ 
necting  the  search  head  and  the  ultrasonic  flaw  detector;  4)  inclined 
ray  of  ultrasonic  shear  vibrations  which  enter  the  product  being  in¬ 
spected  at  angle  0;  5)  ray  reflected  from  the  opposite  wall  of  the  pro¬ 
duct. 


are  inspected  by  a  reflected  ray  (Pig.  3b).  Ihe  ultrasonic  vibration 
frequency  should  be  selected  by  taking  into  account  the  seam  thickness 
and  the  magnitude  of  damping  of  ultrasonic  vibrations  in  the  seam  metal. 
For  example,  inspection  of  welded  seams  from  perlitic  steels  should  be 
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performed  by  frequencies  given  in  the  Table. 

Inspection  of  welded  seams  of  austenitic  steels  is  extremely  dif¬ 
ficult  due  to  extensive  damping  of  ultrasonic  vibrations  in  the  seam 
material,  and  it  is  sometimes  practically  impossible.  Ultrasonic  inspec- 

TABLE 

Frequency  of  Ultra¬ 
sonic  Vibrations  for 
Inspection  of  Seams 
of  Perlltic  Steels 


Tojimmti  mm 

OnrnMrt.il. linn 

1  (*■**> 

2  wroTa  <«/ii) 

10-25 

i 

2S~I"0 

1  I.H-J.5 

S  i)#> — S«i0 

1  i.?— 1  * 

1]  Seam  thickness  (mm); 

2)  optimum  frequency 
(megacps). 


tion  makes  it  possible  to  detect  thin  films,  cracks  and  lack  of  weld 
penetrations  which  are  not  detectable  by  other  flaw  detection  methods. 

When  inspecting  the  entire  cross  section  of  a 
welded  seam  the  search  head  is  moved  within  certain 
limits  in  a  direction  perpendicular  to  the  seam. 

Hie  limits  within  which  the  search  coil  is  moved 
depend  on  the  geometric  dimensions  and  the  type  of 
the  welded  joint,  on  t.he  angle  at  which  the  ray  is 
introduced  and  are  determined  from  nomograms  which 
are  appended  to  instructions.  Use  is  made  frequently 
of  mechanical  devices  which  ensure  the  specified 
limits  of  search  coil  movement.  For  reliable 
acoustic  contact  it  is  most  expedient  to  use  the 
immersion  version  of  the  echo  method,  which  makes 
it  possible  to  automate  the  process  of  Inspection 
of  certain  welded  joints  (longitudinal  seam  of  welded  pipes,  welded 


Fig.  3.  Inspec¬ 
tion  of  a  welded 
seam,  a)  By  a 
singly- reflected 
ray  in  the  case 
of  a  ;relded  butt 
joint;  b)  by  a 
singly  reflected 
ray  in  the  case 
of  a  T  Joint. 
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possible,  using  experience  accumulated  in  inspecting  such  joints  and 
theoretical  considerations,  to  construct  a  system  of  standards  and 
graphs,  which  make  it  possible  to  determine  the  dimensions  of  flaws 
with  an  accuracy  sufficient  for  practical  purposes. 

References:  Trapeznikov,  A. K. ,  Rentgenodefektoskopiya  [X-Ray  Flaw 
Detection],  Moscow,  1948;  Tatochenko,  L. K. ,  and  Medvedev,  S.  V. ,  Promysh- 
lennaya  gamma-defektoskopiya  [Industrial  Gamma-Ray  Flaw  Detection], 
Moscow,  1955;  Gamma-defektoskopiya  metallov  [Gamma-Ray  Flaw  Detection 
in  Metals],  [collection  of  articles],  Moscow,  1955;  Sokolov,  V.S. , 
Defektoskopiya  materialov  [Flaw  Detection  in  Materials],  2nd  edition, 
Moscow-Lenlngrad,  I96I;  Gel' man,  A. S. ,  Kabanov,  N. S. ,  and  Matveyev,  A. S. , 
Ul'trazvukovoy  kontrol'  soyedineniy,  vypolnennykh  kontaktnoy  stykovoy 
svarkoy  [Ultrasonic  Inspection  of  Resistance  Welded  Butt  Joints],  "ZL, " 
No.  5,  1954;  Yermolov,  I. N. ,  vybor  optimal' noy  chastoty  ul'trazvuka  dlya 
kontrolya  massivnykh  svarnykh  soyedineniy  [Selection  of  the  Optimal 
Ultrasonic  Frequency  for  Inspection  of  Massive  Welded  Joints],  Ibid,  No. 
4,  i960;  Gubanova,  M.R. ,  U1 ' trazvukovaya  defektoskopiya  nekotorykh  tip- 
ov  massivnykh  svarnykh  shvov  [Ultrasonic  Flaw  Detection  of  Certain 
Types  of  Massive  Welded  Seams],  in  the  collection:  U1 ' trazvukovyye  pri- 
bory  [Ultrasonic  Devices],  TsNIIIMash  [Central  Scientific  Research  In¬ 
stitute  for  Technology  and  Machinery],  Moscow,  1958  (TsNIITMash,  book 
88);  Qurvich,  A.K. ,  Ul' trazvukovaya  defektoskopiya  svarnykh  soyedineniy 
[Ultrasonic  Flaw  Detection  in  Welded  Joints],  Issue  1-2,  Leningrad, 

I960;  Nazarov,  S. T. ,  and  Panov,  Yu. P.  Ul'trazvukovoy  kontrol'  kachestva 
kontaktnoy  tochechncy  i  ahovnoy  svarkl  [Ultrasonic  Quality  Control  of 
Spot  and  Seam  Resistance  Welding],  "ZL, "  Vol.  24,  No.  10,  1958. 

A.  S.  Matveyev 


FLAW  DETECTION  IN  WELDED  PIPES  -  see  Flaw  Detection  In  Welded 


Joints. 
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FLAW  DETECTION  IN  WIRE.  Cracks  In  the  surface  layer  and  other 
flaws,  primarily  those  oriented  along  the  wire  are  detected,  the  chemi¬ 
cal  composition,  structural  state  and  electrical  conductivity  of  the 
material  are  inspected  and  the  wire  diameter  is  measured  by  methods  of 
electrical  induction  flaw  detection.  The  inspection  is  performed  at  a 
rate  of  0. 5-2.0  m/sec  in  flaw  detectors  with  pass-through  coils.  Flaws 
are  more  effectively  detected  by  the  ultrasonic  echo  method  using  nor¬ 
mal  waves  which  propagate  along  the  wire;  in  this  case  flaws  are  detect¬ 
ed  regardless  of  their  orientation  and  position  along  the  wire  cross 
section.  The  rate  of  inspection  is  -  1  m/sec  using  a  pulse-type  echo 
flaw  detector  with  a  simple  attachment  and  can  be  easily  automated. 


G.  Yu.  Sila-Novitskiy 
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FLAW  DETECTION  METHOD  BY  MEANS  OF  IRON  PROBES  -  Is  a  method  based 
on  the  application  of  magnetical-susceptible  elements,  the  iron  probes, 
which  measure  weak  magnetic  fields  or  the  gradients  of  these  fields. 

The  iron  probes  are  used  to  detect  the  scattering  caused  by  a  distur¬ 
bance  of  the  continuity  or  homogeneity,  of  magnetic  fields  on  the  flaws 
of  metallic  objects. 

Flaw  detection  by  means  of  iron  probes  is  very  sensitive  (up  to 

a 

10  oersted  per  1  degree  of  the  scale)  and  permits  the  use  of  very 
small-sized  pickups  (up  to  0.1  mm  in  diameter  and  1  mm  in  length).  The 
testing  process  may  be  easily  automatized  for  simple-shaped  objects. 
Flaw  detection  by  means  of  iron  probes  is  used  to  test  the  magnetic 
characteristics  of  materials  exposed  to  high  or  low  temperatures  or 
aggressive  media,  to  test  the  thickness  of  furnace  linings  or  of  her¬ 
metically  sealed  vessels,  etc.,  because  the  pickup  may  be  placed  at  a 
distance  which  Is  greater  than  the  size  of  the  heater. 

Flaw  detection  by  means  of  iron  probes  is  very  efficient  in  the 
detection  of  ferromagnetic  particles  and  also  of  separated  electromag¬ 
netic  phases  in  objects  or  semifinished  products  made  from  nonmagnetic 
or  weakly  magnetic  materials.  This  method  is  widely  used  to  test  the 
degree  of  demagnetization  of  parts  (after  the  magnetic  particle  inspec¬ 
tion,  for  example).  It  is  efficiently  used  to  measure  the  thickness  of 
nonmagnetic  coatings  applied  on  a  ferromagnetic  basis,  and  also  to 
measure  the  thickness  of  pipes  made  from  nonmagnetic  materials. 

References:  Rozhdestvenskiy,  S.M. ,  Novyye  elektricheskiye  i  magnl- 

tnyye  metody  nerazrushayushchego  kontrolya  [New  Electric  and  Magnetic 
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Nondestructive  Testing  Methods],  in  the  Collection:  Prlborostroyeniye 
i  sredstva  avtomatizatsii  kontrolya  [Instrument  Manufacture  and  Means 
to  Automatize  the  Testing],  1st  Volume,  Moscow,  1961  (VINITI);  Kifer, 
I.I.,  Ispytanlya  ferromagnithykh  materialov  [Testing  of  Ferromagnetic 
Materials],  2nd  Edition,  Moscow-Leningrad,  1962. 

S.M.  Rozhdestvenskiy 
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FLAWS  IN  ALUMINUM  CASTINGS.  The  frequently  encountered  flaws  in 
aluminum  castings  are:  coarsely-grained  structure,  shrinkage  cavities 
and  porosity,  cracks,  gas  porosity  and  slag  inclusions  (see  Aluminum), 
warping,  castings  rejected  after  the  heat  treatment.  Coarsely-grained 
structure  reduces  the  mechanical  properties  of  castings  (particularly 
the  plasticity).  The  main  cause  of  coarse  structure  formation  is  over¬ 
heating  of  the  alloy  during  pouring  or  slow  crystallization  of  the 
liquid  metal  in  the  mold.  To  obtain  finely  grained  structure  it  is 
necessary  to  ensure  sufficiently  low  temperature  of  the  alloy  before 
pouring.  Adjustment  of  the  moisture  content  of  the  molding  sand  (cast¬ 
ing  into  sand  molds)  and  the  chill  mold  (chill  casting)  also  makes  it 
possible  to  establish  an  optimum  casting  regime. 

Depending  on  the  nature  of  the  alloy  and  the  crystallization  time, 
concentrated  shrinkage  cavities  or  fine  shrinkage  porosity  may  form  in 
castings.  Large  shrinkage  cavities  in  points  which  solidify  latest  are 
usually  formed  in  castings  from  alloys  with  a  short  crystallization 
time.  Pores  uniformly  situated  in  the  body  of  castings  are  formed  on 
solidification  of  castings  from  alloys  with  large  crystallization  times. 
The  appearance  of  shrinkage  cavities  and  pores  is  due  to  unsatisfactory 
gating  of  the  casting.  The  casting  flaws  in  massive  parts  of  castings 
should  be  eliminated  by  accelerating  the  crystallization  process:  when 
pouring  into  sand  molds  by  installing  cooling  devices,  in  chill  molding 
by  adjusting  the  chill  mold  temperature.  The  use  of  a  vertical-slot 
gating  system  has  a  beneficial  effect.  In  addition,  additional  vents 
should  be  installed. 
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Cracks  may  be  of  two  kinds:  hot  and  cold.  Hot  cracks  are  formed 
in  a  casting  on  crystallization  in  cooling  up  to  shaking  out  of  the 
mold.  Cold  cracks  are  formed  after  the  component  has  been  removed  from 
the  mold.  By  their  external  appearance,  hot  cracks  differ  from  cold 
cracks  by  the  presence  of  oxides  in  the  fracture.  Hot  cracks  form  as  a 
result  of  shrinkage  stresses,  which  develop  at  those  points  in  the  cast¬ 
ing  where  the  mold  interferes  with  free  shrinkage.  The  possibility  of 
appearance  of  shrinkage  cracks  is  the  greater  the  greater  is  the  al¬ 
loy's  tendency  to  shrink.  Hence,  the  main  means  for  combating  this  flaw 
is  the  proper  selection  of  the  alloy.  In  addition,  it  is  necessary  to 
plan  a  smooth,  gradual  transition  from  massive  to  narrow  cross  sections 
of  the  casting,  to  place  cooling  devices  at  massive  parts  of  castings 
and  to  select  the  composition  of  core  mixtures  in  a  manner  such  that 
the  pliability  of  the  core  should  compensate  for  the  shrinkage  stress. 

In  chill  mold  casting  the  mold  should  be  designed  in  such  a  manner 
as  to  make  it  possible  to  remove  certain  cores  immediately  after  pour¬ 
ing  of  the  component.  This  will  make  it  possible  for  the  casting  to 
contract  freely,  without  formation  of  cracks.  For  the  same  purpose  it  is 
possible  to  remove  castings  from  the  chill  mold  at  a  higher  temperature. 

Cold  cracks  form  as  a  result  of  differences  in  the  rates  of  cool¬ 
ing  of  thin  and  massive  parts  of  castings  and  of  the  appearance  of  in¬ 
ternal  stresses  at  points  of  transition  or  in  thin  cross  sections.  This 
phenomenon  should  be  combated  by  using  smooth  junctions  at  corners, 
slow  cooling  after  solidification,  avoiding  sharp  transitions  of  cast¬ 
ing  cross  sections,  etc. 

The  following  forms  of  rejects  are  frequently  formed  in  heat  treat¬ 
ment:  warping  of  castings,  incomplete  hardening,  nonuniform  hardening, 
cracks  and  burning.  Warping  can  be  due  to  nonuniform  and  rapid  heating, 
sharp  cooling  in  quenching  or  nonuniform  distribution  of  the  weight  of 
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parts  of  the  component  on  stools  when  placing  in  heat  treatment  furnaces. 
In  addition,  it  can  be  the  result  of  deformation  due  to  prolonged  action 
of  residual  stresses.  Warping  of  components  is  eliminated  by  using  ap¬ 
propriate  stools. 

To  ccmbat  warping  of  intricately-shaped  components,  transverse 
Stiffeners  or  reinforcing  ribs,  which  are  easily  removed  after  heat 
treatment,  are  added  attendant  to  pouring.  To  prevent  the  appearance  of 
internal  stresses,  quenching  is  performed  in  water  (90-100°)  or  oil 
(40-60°),  if  the  strength  of  the  casting  remains  within  the  required 
limits.  Incomplete  hardening  can  be  due  to  insufficient  holding  or  low 
heating  temperature,  as  well  as  by  a  reduced  cooling  rate. 

Nonuniform  hardening  is  a  result  of  nonuniform  heating  and  non- 
uniform  cooling  of  components.  Here  high  mechanical  properties  are  ob¬ 
served  in  thin  cross  sections,  while  reduced  mechanical  properties  are 
observed  in  thick-walled  sections.  To  eliminate  this  kind  of  defect  the 
casting  should  be  heat  treated  again.  The  ratal  cracks  in  cast  components 
depend  on  many  factors.  The  nature  of  the  alloy,  intricacy  of  shape, 
difference  of  component  wall  thickness  result  in  the  appearance  of 
cracks  upon  rapid  heating  of  components  for  hardening  purposes  as  well 
as  when  using  a  high  cooling  rate.  In  addition,  cracks  in  components  can 
appear  as  a  result  of  internal  stresses  upon  artificial  aging. 

The  following  steps  should  be  taken  to  eliminate  the  formation  of 
cracks  in  castings:  a)  uniform  and  slow  heating  of  components  to  be 
hardened;  b)  if  the  difference  in  wall  thickness  is  great,  the  thin 
places  should  be  lubricated  by  asbestos  paste;  c)  aging  should  be  in¬ 
duced  at  the  highest  permissible  temperature.  Burning  is  brought  about 
by  increasing  the  homogenization  temperature  above  permissible  limits, 
which  results  in  the  fusing  of  the  eutectic  and,  as  a  result,  in  a  re¬ 
duction  in  the  strength  and,  particularly,  in  the  material's  plasticity. 

1566 


I-7J7G2 

To  prevent  burning  it  is  necessary:  to  periodically  measure  the 
temperature  in  all  zones  of  the  furnace  (the  .uaximum  difference  in  zones 
should  not  be  higher  than  ±3-5° )j  components  of  intricate  shape  should 
be  heated  slowly,  at  a  rate  of  3°  per  minute,  so  as  to  ensure  uniform 
heating  and  uniform  progress  of  diffusion  processes  in  all  parts  of  the 
component. 

References:  Kolobnev,  I.P. ,  Krymov,  V.  V.  and  Polyanskiy,  A.  P. , 
Spravochnik  liteyshchika  [The  Foundry  Plan's  Handbook].  Fasonnoye  lit' ye 
iz  aluminiyevykh  i  magniyevykh  splavov  [Intricately-Shaped  Castings 
from  Aluminum  and  Magnesium  Alloys],  Moscow,  1957;  Kolobnev,  I.  F. , 
Termicheskaya  obrabotka  aluminiyevykh  splavov  [Heat  Treatment  of 
Aluminum  Alloys],  Moscow,  1961. 

M.  B.  A1 '  tman 
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FLAWS  IN  MAGNESIUM  CASTINGS  —  defects  which  arise  in  the  casting 
process  and  on  the  solidification  of  the  molten  metal  ii  the  mold.  De¬ 
fects  may  be  allowable  and  inallowable,  which  require  the  castings  to 
be  rejected.  Flaws  in  magnesium  castings  are  divided  into  external,  i.e., 
those  which  are  visible  on  inspection,  and  internal,  i.e.,  hidden.  The 
main  defects  are:  nonconformance  to  technical  specifications  with  re¬ 
spect  to  the  chemical  composition  and  microstructure,  with  respect  to 
physical  properties  (airtightness,  etc.  ),  with  respect  to  configuration, 
dimensions  and  surface  finish;  slag  inclusions,  oxide  and  foam  films, 
blow  holes,  burning  fo  the  casting  which  is  due  to  interaction  of  the 
alloy  with  gases  and  moisture;  external  and  internal  shrinkage  cavi¬ 
ties,  porosities  and  microporosities;  hot  and  cold  cracks;  warping, 
gray  spots  (reverse  liquation),  which  form  due  to  shrinkage  of  the  al¬ 
loy  on  solidification;  cleavage,  misruns,  failure  to  cover  the  casting 
walls  with  metal,  which  are  due  to  changes  in  the  fluidity  of  the  alloy; 
sand  and  flux  inclusions,  which  are  due  to  the  falling  of  foreign  sub¬ 
stances  into  the  alloy. 

In  accordance  with  technical  specifications,  single  blow  holes, 
slag  inclusions,  impurities,  and  other  flaws  the  average  diameter  of 
which  does  not  exceed  4  mm  and  with  a  width  up  to  3  nan,  but  not  exceed¬ 
ing  1/3  of  the  wall  thickness  may  be  permissible  on  casting  surfaces 
not  subject  to  machining,  provided  that  such  defects  do  not  exist  on 

the  opposite  side  at  the  same  place;  groups  of  blow  holes  with  &  diame- 

2 

ter  of  1.5-2  mm  and  depth  of  1-1.5  mm  in  quantities  of  3-10  per  100  cm 
of  area  if  they  are  held  within  the  norms  specified  in  Table  1. 
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Point  blow  holes  with  a  diameter  up  to  1.5  mm  and  depth  of  0. 5-1. 0 
mm  and  scabs  in  accordance  to  standards  established  for  each  case,  gray 

TABLE  1 

Permissible  Blow  Holes  On 
Casting  Surfaces  Not  Sub¬ 
ject  to  Machining 
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1)  Castings;  2)  casting  surface  (cm  );  3)  single  blow  holes;  4)  groups 

p 

of  blow  holes;  5)  number  in  an  area  of  100  cm  ;  6)  on  a  casting;  7)  num¬ 
ber  of  groups;  8)  small-size;  9)  up  to;  10)  medium-size;  11)  large-size. 

spots  (products  of  reverse  liquation);  marks  of  the  contact  parts  of 
the  mold  and  ejectors,  which  penetrated  the  casting  body  to  a  depth  of 
not  more  than  0.5  mm,  or  which  protrude  from  the  surface  by  not  more 
than  1  mm,  are  permissible.  Blow  holes  with  a  depth  not  exceeding  1/3 
of  the  casting's  thickness,  in  amounts  shown  in  Table  2,  are  permissi¬ 
ble  on  surfaces  subjected  to  machining. 

Internal  flaws  are  permissible  in  castings  of  the  following  form: 
of  nonmetalllc  inclusions,  i.e.,  slag  Inclusions,  oxide  films,  the 
character  and  dimensions  of  which  are  established  by  standards;  of 
microporosities  (blackness  in  the  fracture),  i.e.,  of  sections  with 
pores  and  pore  chains  of  microscopic  size  (0.025-0.12  mm  and  less), 
which  are  located  along  the  grain  boundaries  of  the  solid  solution.  Mi- 
croporoelty  forms  on  cooling  and  solidification  of  the  casting  as  a  re¬ 
sult  of  shrinkage  and  liberation  of  gas  dissolved  in  the  alloy,  as  well 
as  in  poorly  saturated  sections  which  solidify  last.  The  more  gas  is 
contained  in  the  molten  metal,  the  more  intensive  the  microporosity. 

The  tendency  of  magnesium  alloys  to  microporosity  is  shown  in  Table  3. 

1569 


I-80G2 


On  x-ray  radiographs  microporosity  Is  vlsble  in  the  form  of  dark¬ 
ened  sections  of  various  shape  and  size  or  most  frequently  -  in  the 
TABLE  2 

Permissible  Blow  Holes  on  Casting  Surfaces  Subjected 
to  Machining 
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1)  Castings;  2)  casting  area  (cnr);  3)  single  blow 
holes;  4)  groups  of  blow  holes;  5)  diameter;  6)  depth; 
7)  number  of  pieces;  8)  number  of  pieces  in  a  group; 

9)  number  of  groups,  not  more  than;  10)  (mm);  11) 
small-size;  12)  up  to;  13)  medium-size;  14)  large-size. 


form  of  streaked  strips.  Microporosity  is  accompanied  by  liquation  of 
the  low-melting-temperature  component  (Mg^Al^)  from  the  defective  point 

TABLE  3 

Formation  of  Microporosity 
in  Magnesium  Castings  When 
the  Alloy  Contains  30  cm3 
of  Hydrogen  per  100  g 
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1)  Alloy;  2)  microporosity 
scale  number;  3)  tendency  to 
microporosity;  4)  tendency 

froup;  5)  ML;  6)  zero;  7)  VML3; 
)  low;  9)  average;  10)  high. 


co  points  with  normal  density;  coloring  of  the  fracture  (in  a  black, 
yellowish-brown  color)  as  a  result  of  the  high-temperature  interaction 
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of  the  alloy’s  components  with  atmospheric  oxygen  which  penetrates  the 
casting  through  pores,  with  attendant  formation  of  spinel-type  compounds 


TABLE  4 

Average  Mechanical  Properties  of  Castings  From  the 
ML5  Alloy  with  Various  Microporosity  Intensity 
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1}  Casting  wall  thickness  (mm);  2)  without  microporosity; 

3)  with  low-intensity  microporosity;  4)  with  average-in- 
tensity  microporosity;  5)  with  intensive  microporosity;  6) 
(kg/mm^);  7)  more  than. 

[Mg(A102)2]j  the  intensity  of  the  fracture  coloring  also  increases  after 
heat  treatment;  by  losses  in  air  tightness  and  mechanical  properties. 
When  microporosity  is  highly  developed  in  nonheat  treated  castings  from 
the  ML4,  ML5  and  ML6  alloys,  the  ultimate  strength  is  reduced  by  40-45#, 
while  in  heat  treated  alloys  it  is  reduced  by  50-60#,  the  elongation  is 
reduced  by  a  factor  of  3  and  more,  the  yield  strength  decreases  by  20- 
-25#;  the  endurance  limit  and  impact  ductility  are  sharply  reduced.  The 
mechanical  properties  of  specimens  cut  out  from  castings  at  locations 
with  microporosities  are  lower  than  the  properties  of  specimens  cut  out 
in  the  perpendicular  direction  by  -25#.  In  intricately-shaped  castings 
from  the  ML4,  ML5  and  ML6  alloys  it  is  impossible  to  completely  elimin¬ 
ate  the  microporcsity.  However,  in  the  most  highly  loaded  parts  it  is 
possible  to  prevent  this  defect  by  using  special  production  process  pro¬ 
cedures:  installation  of  cooling  devices  and  risers  during  casting, 
changing  the  location  of  the  metal  supply  to  the  mold.  For  the  most  ex¬ 
tensively  used  ML5  alloy  a  scale  has  been  worked  out  showing  the  de¬ 
pendence  of  the  ultimate  limit  and  relative  elongation  of  castings  of 
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various  types  on  the  microporosity  (Table  4). 

Castings  which  do  not  conform  to  technical  specifications  by  their 
chemical  composition  and  microstructure,  by  dimensions,  surface  finish, 
mechanical  properties  and  which  have  castings  defects  (cold  shuts, 
cracks,  through  blow  holes,  flux  inclusions)  are  rejected.  In  certain 
cases  impermissible  defects  are  removed  by  cleaning  (within  the  limits 
of  machining  allowances),  straightening  in  the  cold  and  heated  state, 
welding  up,  placing  of  studs,  soldering,  impregnation  with  101/19  lac¬ 
quer  and  AOG,  secondary  heat  treatment.  Hidden  flaws  (porosities,  micro¬ 
porosities,  slag  and  flux  inclusions,  blow  holes,  cracks)  are  detected 
by  x-ray  flaw  detection,  luminescent  flaw  detection,  capillary  flaw  de- 
tection  (see  Flaw  Detection  In  Castings). 

A. A.  Lebedev 
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FLAWS  IN  METALS,  flaw  detection  -  incompleteness  of  structure, 
which  reduces  the  strength  and  effects  other  properties  of  metals  and 
alloys  (for  example,  electric  conductivity,  magnetic  permeability,  den¬ 
sity,  plasticity).  Among  the  flaws  in  the  fine  structure  of  metals  are 
dislocations,  i.e.,  linear  flaws  in  the  crystal  lattice  which  disturb 
the  orderly  alternation  of  atomic  planes.  Less  fine  flaws  in  metals  are 
submicrcscopic  cracks  which  form  along  the  boundaries  of  crystal  blocks 
and  on  their  surfaces.  Even  less  fine  micro-and  macroscopic  flaws  are 
formed  in  metals  as  a  result  of  imperfection  of  metal  technology  and 
the  low  technological  effectiveness  of  multicomponent  layers,  which  re¬ 
quire  particularly  precise  conformance  to  regimes  at  each  stage  of 
their  fabrication  and  processing. 

Defects  which  are  encountered  in  metal  articles  and  semifinished 
products  differ  by  their  dimensions  and  location  as  well  as  by  their 
nature  and  origin.  They  form  in  the  process  of  melting  and  casting  of 
the  metal,  pressworking,  heat  treatment,  casehardening,  electrochemical 
processing,  machining,  joining  of  metals  (welding,  riveting,  soldering, 
cementing).  In  addition,  flaws  in  semifinished  and  finished  products 
can  arise  during  storage,  transportation  and  service.  By  their  charac¬ 
ter,  flaws  can  be:  local  (various  continuity  disturbances  such  as 
pores,  blowholes,  cracks,  cleavages,  flakes,  creases,  laps,  etc.);  dis¬ 
tributed  over  limited  zones  (liquation  accumulations,  zones  of  incom¬ 
plete  hardening,  corrosion  affected  zones,  local  workhardening);  distri¬ 
buted  over  the  entire  volume  of  the  product  or  over  its  surface  (noncon¬ 
formance  of  the  chemical  composition,  structure,  quality  of  machining). 
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Local  flaws  which  are  localized  in  a  limited  volume  cam  be  point, 
line,  plane  and  volume  [flaws].  By  their  location  they  are  divided  into 
external  (surface  and  subsurface)  and  internal  (depth).  Depending  on 
the  shape,  dimensions  and  orientation  with  respect  to  prevailing 
stresses  these  defects  can  be  more  or  less  sharp  stress  raisers. 

Flaws  in  the  applied,  engineering  meaning  should  be  considered 
such  deviations  from  the  normal  quality,  provided  for  in  standards, 
which  impair  the  working  characteristics  of  the  metal  or  product  and 
result  in  reducing  their  grade  or  in  rejection.  However,  not  each  flaw 
in  metals  is  a  defect  in  a  product;  deviations  from  the  normal  quality 
of  the  metal  which  are  of  no  substantial  Importance  to  the  functioning 
of  the  given  product,  should  not  be  considered  as  defects  for  this 
product.  Moreover,  deviations  from  normal  quality,  which  are  defects 
for  articles  functioning  under  one  set  of  conditions  (for  example,  un¬ 
der  fatigue  loads)  may  be  of  no  significance  under  other  operating  con¬ 
ditions  (for  example,  under  static  loads).  Consequently,  the  quality  of 
the  metal  and  of  a  product  rationally  manufactured  from  it  can  be  im¬ 
proved  upon  complete  removal  of  the  most  dangerous  flaws  (cracks,  blow 
holes,  cleavages,  flakes,  etc.  )  and  reducing  other  flaws,  which  present 
a  smaller  danger  under  specific  conditions  of  the  product's  operation, 
to  a  certain  minimum.  The  level  of  "safe  minimum"  which  determines  the 
quality  of  the  product  is  a  function  of  the  extent  of  intensity  of  con¬ 
ditions  under  which  it  operates;  as  the  intensity  is  increased,  it  is 
reduced.  High  quality  of  metal  and  of  products  made  from  it  can  be  en¬ 
sured  in  two  ways:  refinement  of  the  production  process  used  in  process¬ 
ing  in  order  to  make  it  impossible  for  a  flaw  to  appear  and  by  refining 
methods  of  metal  quality  control  in  order  to  detect  the  flaws  and  re¬ 
jecting  defective  blanks,  semifinished  and  finished  products. 
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which  formed  under  the  action  of  molten  solder.  Pig.  13.  Cracks  in 
steel  which  formed  as  a  result  of  corrosion  under  stress  (magnification 
factor  is  100). 

Usually  the  more  reliable  and  radical  practical  solution  of  the 
problem  is  refinement  of  the  production  process.  However,  with  the  de¬ 
velopment  of  physical  methods  of  nondestructive  materials  quality  con¬ 
trol  (see  Flaw  Detection)  their  role  in  the  fight  for  high  quality  of 
products  increases  continuously.  The  main  defects  which  are  encountered 
in  metal  blanks,  semifinished  and  finished  products  at  various  process¬ 
ing  stages,  as  well  as  in  storage,  transportation,  and  service  are 
shown  in  the  Table  on  pages 

Study  of  changes  in  the  physical  characteristics  of  metals  and  the 
detection  of  various  flaws  based  on  it  is  performed  by  using  physical 
methods  of  nondestrutive  testing  which  are  shown  in  the  Table.  In  final¬ 
ly  deciding  the  problem  of  quality  of  a  blank  or  product  it  is  necessary 
to  consider  not  only  the  quantity,  dimensions,  location  and  character 
of  detected  flaws,  but  also  the  specific  conditions  of  the  product's 
loading  in  service. 

D.  S.  Shrayber 
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FLAWS  IN  STEEL  CASTINGS  -  flaws  which  arise  in  the  casting  process 
and  on  solidification  of  the  molten  steel  in  the  mold.  Flaws  can  be 
permissible  without  correction,  permissible  with  correction  (by  welding, 
straightening,  etc.)  and  unallowable  (final  rejection).  The  permissibi¬ 
lity  of  flaws  in  steel  castings  is  determined  by  requirements  put  to 
its  quality,  the  intended  service  of  the  cast  component,  kind  and  magni¬ 
tude  of  loads  (static,  repeated,  dynamic  or  vibration),  kind  and  loca¬ 
tion  of  flaws,  etc. 

In  comparison  with  casting  from  gray  pig  iron,  from  light  and 
certain  nonferrous  alloys,  steel  castings  exhibit  a  greater  tendency 
to  the  formation  of  casting  defects  which  is  a  result  of  peculiarities 
of  steel  as  a  casting  material:  high  melting  temperature,  substantial 
crystallization  interval,  poor  castability,  high  volumetric  and  linear 
shrinkage.  The  terminology  and  classification  of  flaws  in  steel  cast¬ 
ings  are  given  in  GOST  400y-48.  The  main  flaws  are:  blow  holes,  sand 
inclusions,  shrinkage  cavities,  hot  and  cold  cracks,  cold  shuts  [sic], 
short  runs,  warping,  dimensional  nonconformance. 

Blow  holes  are  open  (external)  or  closed  (internal)  voids  in  the 
body  of  the  casting  (single,  cluster  and  in  the  form  of  a  rash)  usually 
with  a  clean  and  smooth  surface,  which  is  sometimes  covered  by  oxides. 
Small  blow  holes  elongated  in  shape  with  a  smooth  surface  located  at  a 
depth  of  2-3  mm  and  which  open  to  the  casting's  surface  through  tiny 
channels  are  called  pinhole  porosity  (hydrogen  blow  holes).  Blow  holes 
are  formed  as  a  result  of  unsatisfactory  quality  of  molds,  cooling  de¬ 
vices,  cores,  as  well  as  gas  saturation  and  poor  deoxidation  of  the 
steel. 
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Sand  Inclusions  are  open  or  closed  voids  in  the  body  of  the  cast¬ 
ing,  partially  or  completely  filled  with  the  molding  material.  Causes 
for  the  appearance  of  sand  inclusions  are  improperly  cleaned  and  un- 
sturdy  mold,  presence  of  sharp  angles  in  the  mold,  impact  by  the  metal 
stream,  low  pouring  temperature  and  presence  of  sharp  angles  in  the 
mold,  impact  by  the  metal  stream,  low  pouring  temperature  and  presence 
of  thin  sections  in  the  component's  design. 

Shrinkage  cavities  are  open  voids,  sometimes  in  the  form  of  a  pipe 
on  the  surface  of  the  casting,  or  closed  voids  in  the  casting's  body. 
Shrinkage  cavities  usually  have  a  rough  surface  and  are  located  in 
thicker  parts  and  at  points  of  transtion  from  a  thicker  to  a  thinner 
casting  cross  section.  Local  accumulation  of  small  and  sometimes  even 
microscopic  shrinkage  cavities  is  called  friability  or  porosity.  Causes 
for  its  appearance  can  be  improper  design  of  the  cast  component,  im¬ 
proper  use  of  risers  and  cooling  devices  or  their  absence,  nonconform¬ 
ance  to  proper  direction  of  metal  solidificaticn  in  the  mold,  high 
pouring  temperature,  etc. 

Hot  cracks  are  through  or  blind  discontinuities  in  the  body  of  the 
casting  with  walls  covered  by  an  oxide  (scale)  layer.  Causes  of  forma¬ 
tion  are  resistance  of  the  mold  and  cores  to  shrinkage  of  metal,  impro¬ 
per  design  of  the  cast  component,  improper  gating  system,  use  of  metal 
with  a  high  content  of  harmful  admixtures  (sulfur,  gases)  and  poor  deox¬ 
idation  of  the  metal. 

Cold  cracks  are  through  or  blind  discontinuities  in  the  body  of 
the  casting  with  a  granular  fracture  and  clean  surface,  sometimes  tem¬ 
per  colored.  They  arise  at  temperatures  not  above  6'30°.  Causes  of 
formation  are  internal  stresses  which  exceed  the  ultimate  limit  of  the 
steel;  external  effects  (shocks  and  local  heating);  presence  of  stress 
raisers  in  the  casting's  design,  excessive  content  of  carbon  and  phos- 


1600 


I-82G2 

phorus  in  the  steel  and  poor  deoxidation;  reduction  of  the  thermal  con¬ 
ductivity  of  the  steel  by  high  alloying. 

Cold  shut  is  nonmonolitic  fusion  of  metal  streams  which  has  the 
appearance  of  a  seam  with  rounded-off  edges,  which  passes  into  the  body 
of  the  casting.  It  is  a  metal-covered  surface  oxide  film  which  passes 
inside  the  casting  body  and  gradually  tapering  off.  Causes  for  forma¬ 
tion  may  be  improper  design  of  the  component,  low  melting  temperature 
and  slow  filling  of  the  mold  by  a  thin  or  discontinuous  stream,  impro¬ 
per  gating  system,  insufficient  cast ability  of  the  metal  and  formation 
of  oxide  films  on  the  surface  of  the  flowing  metal. 

Short  run  is  any  incomplete  filling  of  the  mold  by  metal  which  is 
expressed  in  the  fact  that  the  casting's  contour  is  not  clearly  out¬ 
lined  or  in  the  presence  of  holes  (slots)  in  it.  Short  runs  can  be  due 
to  excessively  thin  casting  walls,  insufficient  supply  of  molten  metal, 
interruption  of  the  stream  when  pouring  into  the  mold,  insufficient 
cross  section  of  the  gating  system's  elements,  as  well  as  to  low  tem¬ 
perature  and  insufficient  castability  of  the  metal. 

Warping  is  the  bending  of  the  casting  due  to  internal  stresses, 
which  results  in  nonconformance  of  its  shapt-  to  the  drawing.  The  main 
causes  of  warping  in  castings  are:  thermal  retardation  of  shrinkage, 
i.e.,  stresses  which  are  produced  by  resistance  of  the  mold  to  the 
metal's  shrinkage;  stresses  which  arise  on  rapid  cooling  of  the  casting 
due  to  nonsimultaneity  of  phase  transformations  in  the  region  of  elast¬ 
ic  deformations  in  steel  which  has  critical  points,  which  are  due  to 
the  increase  in  volume.  As  a  result  of  phase  transformation  in  differ¬ 
ent  parts  of  the  casting,  i.e.,  in  thick  and  thin  parts,  which  pass 
through  critical  points  at  different  times,  the  direction  of  stresses 
can  coincide  with  thermal  and  shrinkage  stresses,  which  will  be  instru¬ 
mental  in  warping  and  even  failure  of  the  component. 
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Dimensional  nonconformance  of  castings  to  drawing  dimensions  takes 
place  as  a  result  of  improperly  made  mold,  erros  in  calculating  the  per¬ 
centage  of  shrinkage,  improper  assembly  of  the  mold,  spreading  apart  of 
the  mold,  etc* 

Casting  as  well  as  other  flaws  have  the  most  substantial  effect  on 
the  strength  of  a  component  if  the  stresses  are  uniformly  distributed 
(without  a  high  concentration)  and  if  they  act  repeatedly,  particularly 
in  the  case  when  the  flaws  extend  across  the  direction  of  the  greatest 
tensile  stresses.  For  example,  the  flexural  stresses  in  the  turbine 
bucket  blade  are  nonuniformly  distributed.  The  entering  and  leaving 
edges,  as  well  as  the  bucket  back,  being  most  highly  stressed  in  flex¬ 
ure,  should  be  free  of  flaws.  In  nonuniformly  stressed  components, 
particularly  in  the  presence  of  concentrations,  flaws  are  dangerous  on¬ 
ly  in  the  most  highly  stressed  zones  of  the  component,  which  usually 
occupy  an  insignificant  part  of  the  surface  and  an  even  lesser  part  of 
the  component’s  volume.  For  example,  in  components  such  as  the  crank 
shaft,  gears,  etc.,  even  a  rough  flaw  which  is  distant  from  the  point 
of  maximum  stress,  does  not  affect  the  component's  strength. 

Measures  for  combating  flaws  in  steel  castings  can  be  design  and 
production  process  refinements  (see  Flaw  Detection  in  Castings). 

References:  Nekhendzi,  Yu.A. ,  Stal'noye  lit'ye  [The  Casting  of 
Steel],  Moscow,  1948;  Kontrol',  preduprezhdeniye  i  ispravleniye  braka 
fasonnogo  lit'ya  [Inspection,  Prevention  and  Correction  of  Intricately- 
Shaped  Casting  Rejects],  Moscow,  1949. 

N.  M.  Tuchkevich 
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FLEXIBILITY  —  ability  of  a  material  to  deform  under  flexure,  which 


depends  on  the  shape  and  dimensions  of  the  cross  section.  When  a  com¬ 
pressed  bar  is  subjected  to  a  buckling  load,  the  elasticity  (X)  is 
numerically  equal  to  the  ratio  of  the  bar  length  to  the  radius  of 
inertia  of  its  cross  section. 

S. I.  Kishkina-Ratner 
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FLINT  Is  a  rock  consisting  of  chalcedoyn  (fibrous  quartz)  with  a 
more  or  less  significant  admixture  of  opal,  clay  particles,  carbonates, 
iron  oxides  and  other  minerals.  Flint  is  encountered  in  nature  in  the 
form  of  lamina,  nodules,  irregular  deposits  or  rounded  pebbles.  Colors 
are  gray,  yellowish  gray,  brown,  black.  In  engineering,  flint  is  often 
termed  silex.  The  hardness  on  Mohs’  scale  is  7,  the  specific  weight  is 
2.60,  fracture  is  conchoidal,  cleaves  on  impract  into  sharp-angled  frag¬ 
ments.  The  average  index  of  refraction  is  1.537-1*540.  The  SiOg  content 
varies  from  85  to  98#.  Flint  has  high  strength  and  resistance  to  abra¬ 
sion.  Young's  modulus  is  7.45-1011  dyne/cm2,  shear  modulus  is  S.^'IO11 
dyne/cm  ,  Poisson  coefficient  is  0. 08.  Resistance  to  crushing  is  more 

P 

than  3350  kg/cm  .  Abrasion  (emery  powder  No.  3)  on  a  Bauschinger  table 

0  p 

with  a  load  of  0.5  kg/cm  amountsto  0.015-0.004  g/cm  .  Surface  area  is 
2200  cm2/g.  The  dieleocric  constant  of  flint  at  100  Hz  is  8.2,  at  10^ 

Hz  it  is  4.4. 

The  use  of  flint  in  industry  is  based  primarily  on  the  utilization 
of  its  hardness,  toughness  and  capability  during  grinding  to  cleave  in¬ 
to  particles  having  sharp  cutting  edges  with  high  abrasive  capability. 
The  primary  applications  of  flint  are:  lining  of  ball  and  roller  mills 
and  in  the  fabrication  of  balls  for  these  mills  in  the  cement,  ceramic, 
paint  and  other  branches  of  industry;  the  production  of  polishing  discs 
in  the  ground  form  as  a  nonplastic  additive  in  place  of  quartz  in  fine 
ceramics,  in  the  production  of  artificial  grindstones,  for  the  prepara¬ 
tion  of  Dinas  refractories.  The  demands  of  industry  on  flint  vary  some¬ 
what  as  a  function  of  ‘he  field  of  application.  The  most  severe  demands 
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are  made  by  the  ceramics  Industry,  particularly  with  regard  to  the  con¬ 
tent  of  Iron  oxides  (not  over  0.10-0.15#).  The  flint  for  lining  ceramic 
mills  must  have  a  high  hardness  (no  lower  than  7  on  the  Mohs  scale), 

p 

good  resistance  to  abrasion  (less  than  0.015  g/cm  ),  high  resistance  to 

p 

crushing  (over  3000  kg/cm  )  and  low  iron  oxide  content.  Moreover,  the 
flint  must  work  well  and  give  the  possibility  of  making  plates  no  small¬ 
er  than  20  x  12  x  8  (cm).  The  flint  pebble  for  ceramic  mills  must  have 
diametral  dimensions  of  3  x  7  (cm),  rounded* form  and  a  smooth  surface. 
Smaller  pebble  is  used  in  the  mills  for  the  lacquer  and  paint  indus¬ 
tries.  The  cement  industry  can  utilize  flint  of  a  lower  quality. 

References:  Trebovaniya  promyshlennosti  k  kachestvu  mineral *nogo 
syrfya  [Industry  Demands  on  Quality  of  Mineral  Raw  Material),  18th  ed. ; 
Tumanskiy  A.L. ,  Kremen*  [Flint],  M. -L. ,  19^6. 

V.I.  Fin  ’ko 
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PLOW  AREA  -  see  Flow  projection. 
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FLUIDS  FOR  HIGH- VACUUM  UNITS  -  are  fluids  with  a  low  vapo~  pres¬ 
sure  at  room  temperature.  Vacuum  oils  (VM)  and  mercury  are  the  fluids 
which  are  most  frequently  used  in  vacuum  engineering.  Vacuum  oils  are 
mainly  used  as  a  working  fluid  in  steam-jet  pumps,  as  a  sealing  medium 
in  mechanical  vacuum  pumps,  and  also  as  a  lubricant.  Vacuum  oils  are 
produced  by  vacuum  distillation  of  a  mixture  of  high-boiling  natural  or 
synthetic  fluids,  for  example,  relatively  heavy  petroleum  fractions 
(vaseline  oil,  etc. ).  The  working  fluids  (RZh)  of  steam- Jet  pumps  must 
have  a  minimal  vapor  pressure  at  room  temperature  and  a  maximal  one  at 
the  working  temperature  of  the  pump,  and  also  have  a  high  thermal 
-  stability  and  chemical  inertness  to  air  oxygen  and  to  the  exhausted 
gases.  Mercury  is  used  as  a  working  fluid  in  steam-jet  pumps,  vacuum 
manometers  and  vacuum  valves,  and  -Iso  in  pumps  (of  Toepler  type)  for 
the  pumping-over  of  gases.  The  properties  of  the  most  important  fluids 
for  high- vacuum  units  are  quoted  in  the  Table  (page  300). 

References:  Jackel  R.,  Polucher.tye  i  lzmereniye  vakuuma  [Genera¬ 
tion  and  Measurement  of  Vacuum),  translated  from  German,  Moscow,  1952; 
Das  liman  3,,  Nauchnyye  osnovy  vakuusnoy  tekhniki  [  The  Scientific  Princi¬ 
ples  of  the  Vacuum  Engineering);  translated  from  English,  Moscow,  1950; 
Vakuumnoye  oborudovaniye  1  vakuuanaya  tekhnika  (Vacuum  iquipment  and 
Vacuum  Engineering),  edited  by  A.  Gootry  and  R.  rfakerling,  translated 
from  English,  Moscow,  1951;  Korolev  B.I. ,  Osnovy  vakuumnoy  tekhniki 
(Principles  of  Vacuum  Engineering j,  bth  edition,  Moscow-Lenlngrad,  .356. 
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TABLE 

Properties  of  Plaids  for  High-Vacuum  Units 
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1)  Fluids]  2)  purpose;  3)  chemical  composition;  4)  specific  gravity  at 
20°;  5)  vapor  pressure  at  20°  (mm  mercury  column);  6)  limit  vacuum  with¬ 
out  cooling  the  traps,  measured  by  ion  meter  (mm  mercury  column);  7) 
type  of  the  pump;  8)  country  where  the  fluid  is  produced;  9)  D-1A;  10) 
working  fluid  for  steam-jet  high-vacuum  pumps;  11)  mineral  oil,  mixture 
of  hydrocarbons;  12)  not  higher  than;  13)  SDN-1  glass  pump;  14)  USSR; 

15)  P-1B;  16)  the  same;  17)  Apiezon;  18)  metallic  distillation  pumps; 

IQ)  Great  Britain;  20)  Leibold;  21)  glass  pumps;  22)  Germany;  23)  Myvan; 
24)  U.  S. ;  25)  Octoil;  26)  ester;  27)  metallic  pumps;  28)  Narcoil;  29) 
working  fluid  in  stream- jet  high- vacuum  and  booster  pumps;  30)  chlorin¬ 
ated  hydrocarbons;  31)  Arochlor;  32)  tricresyl  phosphate;  33)  distilla¬ 
tion  pumps;  34)  VKZh-94A:  35)  organosilicon  oil.  a  mixture  of  ethyl 
polyslloxanes;  36)  not  higher  than:  37)  SDN-1  glass  pump;  38)  VKZh-94B; 
39)  Silicon  DS-703;  40)  at  25°;  41)  glass  distillation  pumps;  42)  Sili¬ 
con  DS-702;  43)  PFMS-2:  44)  organo-silicon  oil,  a  mixture  of  methyl- 
phenyl  polyslloxanes;  45)  TsVL-100  metallic  pump;  46)  "G"  oil;  47)  work¬ 
ing  fluid  for  steam-iet  booster  pumps;  48)  BN-3  booster  pump;  49)  metal¬ 
lic  booster  pump;  50)  working  fluid  for  steam-jet  ejector  pumps;  51)  me¬ 
tallic  ejector  pumo;  52)  butyl  phtalate;  53)  VM-3;  54)  oil  for  mechani¬ 
cal  (rough  exhaust)  pumps;  55)  Golf  Crest  C;  56)  McMillan;  57)  Sucony; 
58)  mercury;  59)  working  fluid  of  steam-jet  high-vacuum  pumps;  vacuum 
gauges  and  vacuum  valves;  60)  cadmium  borotungstate;  6l)  working  fluid 
for  manometers;  62)  liquid  Ga-In-Sn  alloys;  63)  vacuum  valves. 

Ye.  N.  Martinson 
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FLUORINE-CONTAINING  RUBBER  (fluororubber)  -  is  the  product  of 
copolymerization  of  non-saturated  fluorinated  hydrocarbons  in  emulsion. 
Trifluorochloroethylene,  hexafluoropropylene,  vinylidene  fluoride,  and 
also  esters  on  basis  of  perfluorcglycols  and  perfluorodicarboxylic 
acids  (perfluorobutyl  acrylate,  perfluoroalkoxy  dihydroalkyl  acrylates) 
are  used  as  the  initial  monomers  for  fluororubbers.  Fluororubber  is 
produced  in  a  relatively  small  degree  under  the  trademark  SKF  (USSR), 
Kel-F,  Vytene  (U. S.  ).  The  specific  gravity  of  the  fluororubber  is  1. 85. 
Fluororubbers  are  completely  saturated  compounds  containing  a  high 
quantity  of  polar  fluorine  atoms;  they  are  characterized  by  an  exclus¬ 
ively  high  resistance  to  aging,  weathering,  strong  oxidizers,  oils, 
solvents,  fuel,  and  high  temperatures.  Fluororubbers  are  nonburning  and 
resistant  to  microorganisms.  Fluororubbers  on  basis  of  nonsaturated 
fluorohydrocarbons  can  operate  at  300°,  and  for  a  short  time  even  at 
350°.  Fluororubbers  on  basis  of  perfluonalkyl  acrylates  are  resistant 
to  temperatures  up  to  200-220°.  Some  mechanical  properties  of  fluoro¬ 
rubbers  are  listed  in  Table  1;  Tables  2  and  3  give  their  resistance  to 
the  action  of  some  aggressive  media. 


TABLE  1 

Mechanical  Properties 
of  Fluororubbers 


1  npOTOOCTb  HI  paap.il  (*,CX*) 

2  OTnociTtaiKoe  yjuiMH*me  (%) 

3  Moayju  npa  300%-hom  yjuiHHo- 

NRH  . 

4  TiepaocTk  DO  TM-2 . 

$  ConpoTHMenae  paiaapy  (*•,«*) 

iSaacraaDOOTh  no  otcnokt  (%) 


130-  260 
330-&50 

FS-I&5 
i»2— 7« 
26-70 

6-18 


o 

1)  Tensile  strength  (kg/cm  );  2)  relative  elongation  (#);  3)  modulus  at 
300#  elongation  7kg/cm2);  4)  TM-2  hardness;  5)  tear  resistance  (kg/cm); 
o)  resilience  (#). 
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Aging  of  fluororubbers  under  diverse  conditions  has  given  the  fol¬ 
lowing  results:  the  mechanical  properties  and  the  surface  do  not  change 

TABLE  2 

Swelling  of  Pluororubber  on 
Basis  of  Fluoroolefines  at 
20°  After  Immersion  for  24  Hours 


1  C|>r.aa 


UnMiiKilHO 
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1 .9 
If. A 

1.7 
3.0 

24.0 

0 

271.0 
I  .5 
0 . 8 
0 

1.0 
180. 0 
2,  I 

2.7 
4. It 

4.8 
61.8 
16.0 


1)  Medium;  2)  change  in  volume  ($);  3)  carbon  tetrachloride:  4)  benzene; 
5)  ethanol;  6)  aniline;  7)  tricresyl  phosphate  (at  150°);  8)  mineral 
oil;  9)  acetone;  10)  gaseous  chlorine;  11)  gasoline;  12)  silicon  oil; 

13)  chlorinated  paraffin;  14)  Freon-113;  15)  sodium  hydroxide;  16)  wa¬ 
ter  (at  100°);  17)  sulfuric  acid  (fuming);  18)  hydrofluoric  acid  (48$); 
19)  acetic  acid  (glacial);  20)  nitric  acid  (fuming). 


after  aging  for  7  days  at  75°  and  21  atm  in  an  oxygen  cylinder;  the  me 
chanical  properties  and  the  surface  remain  unchanged  for  6  hours  in  an 

TABLE  3 

Swelling  of  Fluororubbers 
on  Basis  of  Perfluoroalkyl 
Acrylates  After  Immersion 
For  336  Hours 


' 

Cpraa  1 

,T'MiT'’pa- 
Typa  (•('.) 

oOicMa  (%)3 

4II80OHT8H :  Tojiyoji  (70:30) 

25 

17 

VlaooKTaH . 5  •  .  . 

Ta  )Kh 

M 

6riCHnoJi . 

» 

Mi 

AUfTOK . 7  .  .  . 

» 

91 

MeTHJiaiHPKl'TOH  .  |  .  .  . 

» 

86 

9;>riijiantTaT . 

• 

100 

M nc.no  Miini-paJii.iioe  .  .  . 
rtinpaHjumecaan  ltmHa- 

too 

0 

kocth  yrwBOflopojiHan 
no^Hr.ntMnjMBoe  Mamim- 

*> 

3 

hoc  Macao  .  .  12  .  .  . 

177 

b 

1)  Medium;  2)  temperature  (°C);  3)  change  in  volume  ($);  4)  isr-octane: 
toluene  (70:30);  5)  iso-octane;  6)  benzene;  7)  acetone;  8)  methylethyl- 
ketone;  9)  ethyl  acetate:  10)  mineral  oil;  11)  hydraulic  hydrocarbon 
fluid;  12)  polyglycol  machine  oil. 
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atmosphere  containing  0.013#  ozone  (after  a  preliminary  stretching  by 
30#);  the  action  of  ultraviolet  rays  for  100  hrs  insignificantly  in¬ 
creases  the  tensile  strength,  and  does  not  change  the  relative  elonga¬ 
tion  and  hardness;  exposition  to  the  atmosphere  for  one  year  does  not 
effect  the  mechanical  properties. 

Pluororubbers  are  heat  resistant  in  air  and  do  not  become  degra- 
dated  at  the  following  temperatures:  204°  for  2400  hours;  232°  for  1000 
hours;  260°  for  250  hours,  and  315°  for  24  hours;  compressed  to  25# 
after  aging  at  121°  for  70  hours,  they  restore  the  initial  volume  by 
90-97#;  the  specific  volume  resistivity  is  1.2‘IG1^  ohm* cm;  the  tangent 
of  the  loss  angle  is  0.025;  the  dielectric  constant  is  7. 0;  the  break¬ 
down  voltage  is  53  kv/mm. 

The  insufficient  frostproofness  (in  the  range  of  -20°  for  certain 
types)  is  an  important  disadvantage  of  the  fluororubbers.  The  copoly¬ 
mers  of  hexafluoropropylene  have  a  frostproofness  up  to  -40°.  Some 
types  of  fluororubbers  on  basis  of  fluorinated  esters  are  frostproof  up 
to  —50°,  -55°,  but  their  reduced  heat  resistance  permits  a  working  be¬ 
low  200-230°  only.  Fluororubbers  are  vulcanizable  by  polyamines  and  or¬ 
ganic  peroxides  combined  with  metal  oxides,  due  to  their  saturated 
structure.  Compounds  vulcanized  by  organic  peroxides  prove  the  highest 
chemical  stability.  The  vulcanization  with  peroxides  is  carried  out 
stepwise:  at  110°  for  30  min  in  a  press,  and  a  following  final  vulcani¬ 
zation  at  150°  in  a  thermostat.  The  vulcanization  time  depends  on  the 
thickness  of  the  product,  it  is  1  hr  for  0.25  mm,  5  hrs  for  1  cm,  and  8 
hrs  for  2  cm  thick  objects.  Compounds  vulcanized  with  amines  prove  a 
lower  residual  deformation  after  compression,  and  an  elevated  frost¬ 
proofness.  Such  compounds  have  a  tendency  to  scorch;  compounds  with 
hexamethylene  tetramine  prove  the  lowest  tendency  to  scorch.  The  best 
results  are  obtained  by  combining  amines  with  di-isocyanates.  Rubbers 
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vulcanized  with  isocyanates  prove  the  highest  oilproofness.  Salts  of 
hydroxides  or  oxides  of  bivalent  metals,  combinations  of  the  hydrates 
of  metal  oxides,  especially  of  the  hydrate  of  calcium  oxide,  with  sodi¬ 
um  metasilicate,  and,  finally,  polyamines,  which  are  the  most  effective 
vulcanizing  agents  for  this  type,  are  taken  for  the  vulcanization  of 
fluororubbers  on  basis  of  perfluoroalkyl  acrylates.  Application  of  ac¬ 
tive  fillers  (carbon  blacks  and  fine-disperse  grades  of  silica)  con¬ 
siderably  increases  the  strength  and  the  other  mechanical  characteris¬ 
tics  of  fluororubbers.  Precipitated  silica  and  metal  silicates  are  the 
most  used  ones,  especially  for  rubbers  destined  for  working  at  elevated 
temperatures.  Application  of  certain  special  grades  of  fine-dispersed 
silica  treated  with  silicon  compounds,  increases  the  tensile  strength 

p 

of  fluororubbers  up  to  300  kg/cm  .  Fluororubbers  are  poorly  combinable 
with  other  rubbers.  The  working  of  fluororubber  is  carried  out  on  the 
common  equipment  of  rubber  plants.  Fluororubbers  are  characterized  by  a 
difficult  behavior  in  the  production,  they  are  poorly  miscible  with  in¬ 
gredients;  stocks  of  fluorine  rubbers  are  difficult  to  extrude  and  to 
calendar.  It  is  not  recommended  to  store  raw  compounds  of  fluororubbers 
for  a  long  time.  Ketones  and  ethers  are  used  as  solvents  for  the  pro¬ 
duction  of  adhesives  from  fluororubbers.  The  complex  of  valuable  tech¬ 
nical  properties,  first  of  all  the  high  resistance  to  heat  and  to  di¬ 
verse  aggressive  media,  decide  the  fields  of  their  application.  Diverse 
sealing  and  packing  rings,  diaphragms  and  membranes  for  working  at  high 
temperatures  and  in  aliphatic  or  aromatic  fuels,  lubricating  oils,  sil¬ 
icon-  and  working  fluids,  concentrated  acids  and  alkalis,  hoses  for  the 
pumping  over  of  every  kind  of  hot  aggressive  fluids,  vessels  for  fuel 
storage,  shafts  being  in  contact  with  every  kind  of  chemical  media, 
chemically  stable  shoes  and  clothes,  fireproof  partition  walls,  differ¬ 
ent  pieces  working  under  atmospheric  effects,  and  protecting  gloves  are 
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produced  from  fluororubbers.  Fluororubber  is  also  used  for  the  insula¬ 
tion  of  wires  and  cables  which  are  exposed  to  the  effect  of  high  tem¬ 
peratures  and  contact  with  corrosion-active  media  under  the  operating 
conditions. 

References:  Novyye  kauchuki.  Svoystva  i  primeneniye  [New  Rubbers. 
Properties  and  Application],  a  Collection  of  translations,  Moscow,  1958. 

I.  V.  Borodina 
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FLUORITE  (fluorspar)  -  is  a  mineral  with  the  chemical  formula  CaF^. 
The  specific  gravity  is  3 . 18 ;  the  mineral  is  brittle,  and  perfectly 
cleavable  along  the  octahedral  planes;  the  Mohs  hardness  is  4;  fluorite 
is  usually  stained  in  diverse  colors:  yellow,  green,  blue,  violet, 
sometimes  black-violet;  colorless  crystals  are  rare.  It  contains  usual¬ 
ly  insignificant  impurities  like  Ce,  rare  earths,  uranium,  etc.,  and 
also  inclusions  of  gases  and  fluids.  The  color  disappears  upon  heating 
and  returns  upon  irradiation  with  x-rays.  The  crystal  system  is  cubic; 
the  dimension  of  the  unit  cell  is  a  =  5*450  A;  the  Ca  ions  are  placed 
on  the  vertices  and  in  the  center  of  a  great  cube,  and  the  F  ions  in 
the  centers  of  8  small  cubes  which  compose,  as  it  were,  the  great  cube 
determined  by  the  situation  of  the  Ca  ions;  each  Ca  ion  Is  surrounded 
by  8  F  ions,  and  each  F  ion  by  4  Ca  ions.  A  structure  of  this  type  is 
termed  a  fluorite  structure.  Fluorite  crystals  are  found  as  formed 
cubic  crystals,  rarer  as  octahedral  or  dodecahedral  ones,  the  cube 
faces  are  usually  smooth,  *hose  of  the  octahedron,  however,  dull. 

Twins  along  (111)  occur  frequently.  The  pure  fluorite  crystals  are 
highly  transparent  for  ultraviolet  and  infrared  light,  they  luminesce 
intensely  in  cathode  rays  and  in  ultraviolet  light  and  also  under  heat¬ 
ing  (thermoluminescence).  Fluorite  occurs  in  nature  as  a  result  of  hy¬ 
drothermal  processes;  it  is  an  accessory  mineral  in  many  occurrences 
of  nonferrous  and  rare  metals.  Synthetic  crystals  are  obtainable  from 
the  melt.  Fluorite  is  mainly  used  in  metallurgy  to  obtain  low-melting 
8 lags.  In  chemical  industry,  synthetic  cryolite  and  certain  fluorine 
compounds  are  prepared  from  fluorite;  in  ceramics,  it  serves  for  the 
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manufacture  of  enamels  and  glazes.  Transparent  and  colorless  crystal 
varieties  are  used  In  optics  for  the  preparation  of  lenses.  It  was 
found  that  fluorite  crystals  containing  rare-earth  elements  and  also 
Fe  may  be  used  In  lasers. 

References;  Betekhtin,  A.G. ,  Kurs  mlneralogii  [Course  of  Mineral¬ 
ogy],  3rd  Edition,  Moscow,  1961. 

V.P.  Butuzov 
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FLUOROPLASTICS  -  are  fluorine  derivatives  of  the  ethylene:  fluor- 
oethylene-3  (the  polymer  of  the  trifluorochloroethylene),  and  fluoro- 
ethylene-4  (the  polymer  of  the  tetrafluoroesthylene).  Fluoroethylene-3 
is  produced  as  a  fine  loose  powder,  from  which  a  semitransparent  color¬ 
less  or  brown  hornlike  material  is  obtained  by  pressing.  Fluorethylene- 
3  is  easily  machinable;  tendency  to  cold  flow  is  almost  absent;  heating 
involves  crystallization  and  increases  the  brittleness;  objects  made 
from  fluoroethylene-3  cannot  be  applied,  therefore,  at  temperatures 
higher  than  70®.  Fluoroethylene-3  is  chemically  inp’-t,  it  resists  all 
acids  and  alkalis,  it  is  insoluble  when  cold  in  all  solvents;  it  does 
swell,  however,  in  certain  organic  substances;  it  becomes  decomposed 
at  high  temperatures  under  the  action  of  molten  alkali  metals  and  of 
elemental  fluorine.  Fluoroethylene-3  is  used  for  the  manufacture  of 
linings  working  in  aggressive  media  at  a  pressure  of  32  kg/cm2  and  a 
temperature  within  — <*0  ttnd  +50® ;  of  valve  parts  working  at  a  pressure 
of  150-20C  kg/cm^;  of  membranes,  and  of  various  electrical  insulating 
parts.  The  fluo^oethylene-SH  is  a  new  modification  of  the  fluoroethy¬ 
lene-3  in  which  the  tendency  to  a  rapid  crystallization  is  eliminated. 

p 

The  static  bending  strength  of  fluoroethylene-3M  is  350  kg/cm  ,  the 
relative  breaking  elongation  is  200-250#.  The  other  properties  of 
fluoroethylene-3M  are  very  similar  to  those  of  the  fluoroethylene-3, 
the  former  being,  however,  softer  and  more  elastic. 

Fluoroethylene-^  is  obt  in  the  form  of  white  grains;  its  chem¬ 

ical  stability  surpasses  that  of  all  known  materials  including  gold  and 
platinum,  it.  is  resistant  to  almost  all  mineral  and  organic  acids,  to 
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alkalis,  organic  solvents,  oxidizing  agents  and  other  aggressive  media; 
it  does  not  swell.  It  becomes  decomposed  only  by  molten  alkaline  metals 
and  elementary  fluorine;  it  is  not  wettable  by  water.  Cold  yield  in¬ 
creasing  at  rising  temperature,  a  considerable  residual  deformation  oc- 
curring  at  specific  loads  of  30-50  kg/cm  ,  and  transition  into  the 

p 

flow  region  under  pressures  of  the  200-250  kg/cm  range  are  the  short* 
comings  of  the  fluoroethylene-4.  The  main  method  of  the  manufacture 
using  fluoroethylene-4  is  the  compacting  of  the  fine-disperse  powder 
in  the  cold  at  a  pressure  of  300-350  kg/cm  ,  sintering  at  j75  ±  30*  of 
the  objects  formed  in  the  cold  state,  and  subsequent  cooling.  The  high 
heat  resistance,  the  chemical  stability  and  the  dielectric  properties 
of  fluoroethylene-4  enabled  its  widespread  application  for  the  manufac¬ 
ture  of  packing  parts  (linings,  packings  of  stuffing  boxes,  cups,  bel¬ 
lows,  etc.);  of  electric  and  radio-engineering  objects  (plates,  discs, 
rings,  cylinders,  insulating  film);  of  chemically  resistant  parts 
(pipes,  beakers,  valves,  cocks,  membranes,  pumps,  etc.),  and  of  porous 
materials.  Profiled  objects  (pipes  with  very  small  cross  sections  and 
an  inside  diameter  of  0.3  mm,  an  outside  diameter  of  0.7  mm)  are  manu¬ 
factured  by  extrusion  of  fluoroethylene-^D,  a  modification  of  the  fluor- 
oethylene-^.  An  aqueous  suspension  of  the  fluoroethylene-^D  is  used 
for  the  production  of  impregnated  fabrics,  textolltes,  and  (antl-frlc- 
tlonal,  anti-adhesive  and  electrical  insulating)  coatings  on  metals, 
and  also  for  the  impregnation  of  various  porous  materials.  The  proper¬ 
ties  of  the  fluorop las tics  are  quoted  in  Table  1. 

The  mechanical  properties  of  the  fluoroethylene-4  are  listed  in 
Table  2  as  a  function  of  the  temperature. 

An  electrical  Insulating  film  in  the  form  of  an  oriented  or  non- 
oriented  white  or  slightly  gray  tape,  transparent  in  thin  layer,  is 
prepared  from  fluoroethylene-4.  The  fluoroethylene-4  film  possesses 
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high  dielectric  properties  which  remain  almost  Invariable  at  different 
frequencies  In  the  temperature  range  f rom  -60  to  +250°,  It  is  extreme¬ 
ly  chemically  resistant  to  aggressive  media.  It  does  not  burn  and  Is 
nontoxic;  It  Is  used  as  an  electrical  Insulating  material,  especially 
In  the  hlgh-and  superhigh-frequency  engineering,  it  is  used  fo~  the  In 
sulation  of  colls,  of  the  grooves  of  electric  engines,  and  to  braid 
wires  and  cables.  The  length  of  the  film  Is  250  m,  but  It  is  available 
also  In  a  shorter  length.  The  application  of  the  fluoroethyIene-4 
electric  Insulating  film  has  made  possible  the  manufacture  of  heat  re¬ 
sistant  conducting  wires  and  cables  working  under  bending  between  — 60 
and  +250* .  The  main  properties  of  the  film  are:  specific  gravity  2.1- 
2  2;  temperature  of  decomposition  400*;  temporary  tensile  strength 
(kg/cm2,  not  less  than)  300  for  the  oriented,  and  100  for  the  nonorlen 
ted  film;  relative  •iongation  (£,  not  less  than)  30  for  the  oriented, 
and  100  for  the  nonorlented  film;  electric  strength  tested  by  d-c 
(kv/ma,  not  less  than)  100  for  the  oriented,  and  40  for  the  non-orien- 
ted  film;  width  of  the  film  12-90  mm,  thickness  (In  u)  20-100  for  the 
oriented  and  40-200  for  the  non-orlented  film. 
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TABLE  1 

Properties  of  Fluoroplas- 
tics 
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1)  Mon-hardened  specimens.  2)  Hardened  specimens.  3)  At  a  thickness  of 
4  mm.  4)  At  a  thickness  of  2  am. 

A)  Properties;  B)  fluoroethylene-4;  C)  fluoroethylene-3;  0)  specific 
gravity;  E)  melting  point  of  the  crystals  (*C);  P)  vitrification  point 
of  the  amorphous  phase  (*C);  0)  maximum  working  temperature  in  serve 
(*C);  H)  minimum  working  temperature  In  service  f*C);  I)  heat  conduc¬ 
tivity  (cal/ca«sec**C);  1C)  specific  heat  (cal/g«*C);  L)  heat  resistance 
according  to  Martens:  M)  water  absorption  for  24  hours  (0);  N)  maximum 
strength  (k&/cm2);  0)  tensile  strength;  P)  bending  strength;  Q)  compres¬ 
sion  strength;  F)  relative  breaking  elongation  (%);  s)  residual  elonga¬ 
tion  ( %);  T)  modulus  of  elasticity  on  bending  (k^cm2);  U)  at;  V)  spe¬ 
cific  Impact  resilience  (kg*c«/cm2);  V)  Brlnell  hardness  (kg/M2); 
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X)  specific  electrical  volume  resistance  (ohm*cm);  Y)  up  to;  Z)  speci¬ 
fic  electrical  surface  resistance  (ohm);  a)  electric  strength  (kv/mm); 
b)  dielectric  constant  at;  c)  cps;  d)  tangent  of  the  loss  angle  at: 
e)  arc-resistance  (sec);  f)  refractive  index;  g)  combustibility;  h) 
does  not  burn;  i)  temperature  of  decomposition  (°C). 

TABLE  2 


Mechanical  Properties  of 
Fluoroethylene-4  as  a  Func¬ 
tion  of  the  Temperature 
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1)  Temperature  (°C);  2)  modulus  of  elasticity  on  compression  (kg/cm  ); 
3)  modulus  of  elasticity  on  bending  (kg/cm2);  3)  tensile  strength 
(kg/cm2);  4)  relative  breaking  elongation  (%) . 


References:  Chegodayev,  D.D. ,  Naumova,  Z. K. ,  Dunayevskaya,  Ts.S., 
Ftoroplasty  [Fluorop las tics] ,  2nd  Edition,  Leningrad,  i960;  Losev,  I.P., 
Trostyanskaya,  Ye.B. ,  Khimiya  sinteticheskikh  polimerov  [Chemistry  of 
Synthetic  Polymers],  2nd  Edition,  Moscow,  1964. 


FLUOROSILOXANE  RUBBER  -  is  the  product  of  the  joint  hydrolysis  of 
fluoropropyl  methyl  dichlorosilane  and  dimethyl  dichlorosilane  in  a  1:1 
ratio.  It  is  characterized  by  resistance  to  oils,  fuels  and  solvents. 
Fluorosiloxane  rubbers  are  equivalent  to  dimethyl  siloxane  rubbers  with 
respect  to  all  basic  mechanical  qualities  and  heat  resistance,  but  they 
surpass  the  latter  in  the  resistance  to  oils,  fuels  and  solvents.  A  com¬ 
parison  of  the  properties  of  fluorosiloxane  and  dimethyl  siloxane  (KD) 
rubbers  is  given  in  the  Tables  1,  2,  3  and  4. 

TABLE  1 

Comparison  of  the  Proper¬ 
ties  of  Fluorosiloxane  and 
Dimethyl  Siloxane  (KD) 

Rubbers 


1)  Rubber;  2)  tensile  strength 
(kg/cm^};  3)  relative  elonga¬ 
tion  (#);  4)  brittleness  point 
(°C);  5)  residual  deformation 
after  compression  at  50°  for  22 
hrs  (#);  6)  fluorosiloxane  rub¬ 
ber;  7)  KD. 


The  resistance  of  the  fluorosiloxane  rubber  to  oils  and  fuels  de¬ 
pends  on  the  content  of  trifluoropropyl  methyl  siloxane  groups. 

Fluorosiloxane  rubbers  become  degradated  when  operating  in  absence 
of  air  at  elevated  temperature;  they  are  unstable  to  abrasion,  and  show 

an  increased  viscosity  under  the  joint  action  of  temperature  and  load. 
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TABLE  2 

Resistance  of  Pluorosiloxane 
Rubbers  with  Different  Fluor¬ 
ine  Content  to  the  Action  of 
Fuels  and  Oils 


1)  Oils;  2)  ASTM  fuel;  3)  tur¬ 
bine  oil;  4)  time  and  tempera¬ 
ture  of  the  test;  5)  hrs;  6) 
swelling  of  rubbers  from  the 
polymers  of  the  type. 


TABLE  3 

Resistance  of  Pluorosiloxane 
and  Dimethyl  Siloxane  (KD)  Rub¬ 
bers  to  the  Action  of  Solvents 
at  Room  Temperature  for  72  Hours 
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1)  Rubber;  2)  swelling,  in  3) 
in  iso-octane;  4)  in  xylene;  5)  in 
carbon  tetrachloride;  6)  in  ethanol; 
7)  in  acetone;  8)  in  butyl  acetate; 
9)  fluorosiloxane  rubber;  10)  KD. 


The  formulae  for  the  compounds,  the  working  and  vulcanization  me¬ 
thods  of  fluorosiloxane  rubbers  are  the  same  as  that  of  KD. 

Fluorosiloxane  rubber  is  delivered  in  the  USSR  in  the  grade  SKTF 
100,  in  the  U.  S.  as  Silastic  ZS-53*  The  latter  rubbers  are  more  resist¬ 
ant  to  oil.  Another  type  of  oil-resistant  siloxane  rubber  is  the  ni- 
trile-siloxane  rubber  which  is  cheaper  than  the  fluorosiloxane  rubber. 
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The  nitrile-siloxane  rubber  is  equivalent  to  the  fluorosiloxane 
and  KD  rubber  with  regard  to  all  the  basic  properties,  but  it  is  in- 

TABLE  4 

Resistance  of  Fluorosiloxane,  KD  and 
Nitrile -Siloxane  Rubbers  to  Thermal 
Aging  at  200  and  250° 


I 

Knr'TH 

2 

ripoq- 

HOCTb 

HI  p«»- 
PMB 
(WOK*) 

3  1 

Otiiocii- 

CMdCTM  4I10CW  mpPIINH  N  TCW'IIM! 
*30  cyroK  npM  200*|  10  eyrop  up*  250J 

teabHor 

yjumm*- 
m m  (%) 

\ 

npo 

Hum* 

HI  PB3- 
pwn 

i  3 

•oe«- 

TfflMtnr 

YJMPHc- 

PNC  (X) 

upon- 
IfOCTh  * 

iia  fMiB- 

PU» 

(Wf-rJH*) 

1  2 

PTIIOCH* 
Tf'JIbfIOt* 
yojiNtH- 
M H«J  (%) 

6  Kfl  . 

<0 

220 

40 

150 

.10 

100 

7  K.J . 

65 

170 

37 

120 

15 

ISO 

•  HNTpMACmtOH- 

CtHUtUlt  .  . 

n 

ISO 

33 

50 

1  9  X  pyiiHHC 

2 

1)  Rubber]  2)  tensile  strength  (kg/cm  ); 
3)  relative  elongation  (#);  4)  proper¬ 
ties  after  aging  for;  5)  ...  days  at  ...; 
6)  KD;  7)  fluorosiloxane  rubber;  8)  nl- 
trile-siloxane;  9)  brittle. 


ferior  to  the  latter  in  resistance  to  thermal  aging  in  air  at  200-250°. 

Fluorosiloxane  and  nitrile-siloxane  rubbers  are  used  in  diverse 
branches  of  the  national  economy  for  the  production  of  diverse  packing 
parts,  owing  to  their  increased  resistance  to  oil. 


F.A.  Galil-ogly 
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FOAM  ALUMINUM  -  aluminum  or  aluminum  alloys  saturated  with  hydro¬ 
gen  (85-90#  H)  In  order  to  form  a  cellular  (porous)  structure. 

Hydrogen  saturation  Is  carried  out  by  adding  ti¬ 
tanium  hydride  or  zirconium  hydride,  which  has  a  high 
elasticity  of  dissociation,  to  the  molten  metal  at 
temperatures  higher  (by  20-30°)  than  the  melting  point 
of  aluminum.  A  metastable  supersaturated  solution  of 
hydrogen  In  aluminum  Is  formed  when  the  hydride  decom¬ 
poses  and  Is  fixed  by  rapid  cooling.  As  a  result,  sol¬ 
id  foam  aluminum  consists  of  gas -filled  metal  cells  (Fig.  1).  If  the 
cells  are  closed  the  foam  aluminum  Is  gas-  and  water-impermeable  and 
has  good  buoyancy.  Its  characteristics  depend  to  a  considerable  extent 
on  the  specific  gravity  and  properties  of  the  initial  alloys  (see 
Table).  Round  and  rectangular  Ingots  and  strips  can  be  fabricated  from 
foam  aluminum;  shaped  blanks  can  be  produced  by  casting  in  metal  or 
sand  molds. 


Fig.  Cellular 
structure  of 
foam  alluml- 
num. 


Fig.  2.  Compressive 
strength  of  AL2  and  AL22 
alloys  as  a  function  of 
specific  gravity.  1) 

kg/cm2;  2)  g/cm^j  3)  AL2; 
4)  AL22. 


1624 


II-24P-2 


Certain  Characteristics  of  Foam  Aluminum 
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1}  g/cm3j  2)  initial  alloys;  3)  AL2  alloy;  4)  lcg/cm2; 
5)  kg*cm/cm2;  6)  cal/cm»sec*°C;  7)  AL22  alloy. 


Fig.  3*  Impact  strength  of  AL2 
alloy  as  a  function  of  specific 

O  Q 

gravity.  1)  kg*cm/cm  ;  2)  g/cnr; 
3)  AL2. 


Fig.  4.  Compressive  modulus  of 
elasticity  of  AL2  and  AL22  al¬ 
loys  as  a  function  of  specific 

gravity.  1)  kg/om2;  2)  g/cm^; 
3)  AL2;  4)  AL22. 


Fig.  5*  Coefficient  of  thermal 
conductivity  of  AL2  and  AL22 
alloys  as  a  function  of  temper- 

ture.  l)  cal/om»8eo*°C;  2)  g/cm^; 
3)  foam  aluminum;  4)  AL2;  5)  AL22. 
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The  specific  gravity  of  foam  aluminum  varies  from  0.23  to  0.73 
g/cm^,  depending  on  the  number  of  gas  bubbles  per  unit  volume.  The  com¬ 
pressive  strength  of  this  material  Is  directly  proportional  to  its  spe¬ 
cific  gravity  (Fig.  2).  The  same  relationship  exists  between  impact 
strength  and  specific  gravity  (Fig.  3)  and  modulus  of  elasticity  and 
speolflc  gravity  (Fig.  4).  The  modulus  of  elasticity  has  a  rather  high 
value.  Their  specific  gravities  being  equal,  the  strength  of  different 
types  of  foam  aluminum  increases  with  the  characteristics  of  their  ini¬ 
tial  alloys.  Foam  aluminum  is  distlnglushed  by  a  low  thermal  conductiv¬ 
ity,  which  Is  also  attributable  to  the  structure  of  the  metal  and  de¬ 
pends  on  the  conductivity  of  the  initial  alloy  (Fig.  5)*  Thermal  con¬ 
ductivity  Increases  with  specific  gravity.  Foam  aluminum  is  a  corro¬ 
sion-resistant,  hermetic  material  and  can  withstand  hydraulic  pressures 
of  up  to  100-130  atm.  It  is  readily  machined,  soldered,  and  welded. 
Welding  raises  its  thermal  conductivity  (in  the  welded  Joints).  Its  low 
specific  gravity,  low  thermal  conductivity,  high  corrosion  resistance, 
and  comparatively  high  modulus  of  elasticity  enable  us  to  regal'd  foam 
aluminum  as  a  promising  structural  material  for  machine  building,  ship 
building,  construction,  and  other  branches  of  technology. 

M.B.  Al'tman 
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FOAM  CERAMICS  -  mineral -based  sintered  materials  with  a  cellular- 
foam  structure.  They  consist  of  bubbles  of  air  (or  some  other  gas)  sur¬ 
rounded  by  thin  membranes  that  form  an  unusual  type  of  framework.  Foam 
ceramics  are  generally  produced  from  highly  dispersed  mineral  powders 
and  liquid  foams.  Such  foams  are  colloidal  systems  with  a  liquid  sur¬ 
face  of  separation;  the  dispersion  medium  Is  a  liquid  and  the  dispersed 
phase  is  a  gas  In  the  form  of  bubbles  separated  by  liquid  films.  In 
contrast  to  other  dispersed  systems ,  the  medium  also  becomes  a  dis¬ 
persed  phase  In  foams.  The  size  of  the  bubbles  and  the  gas  content  of 
the  foam  may  vary  within  wide  limits.  • 

Being  dispersed  systems  with  a  substantial  Interphase  surface, 
foams  are  thermodynamically  unstable.  Special  additives  (stabilizers) 
are  used  to  Increase  their  stability  and  thus  strengthen  the  film 
framework,  since  pure  liquids  do  not  form  sufficiently  stable  foams. 
Many  organic  surface -active  agents  and  certain  other  substances  have  a 
stabilizing  action  on  foams.  Addition  of  a  highly  dispersed  mineral 
powder,  which  Is  wetted  by  the  liquid  phase,  leads  (on  mixing)  to  for¬ 
mation  of  a  three-phase  foam.  The  solid  particles  are  distributed 
throughout  the  film  and  the  bubbles  are  then  surrounded  by  two-phase 
membranes. 

When  such  a  mass  la  dried  the  liquid  phase  evaporates  and  a  two- 
phase  (solid)  foam  Is  formed.  The  weak  bonding  between  the  mineral  par¬ 
ticles  In  the  cellular-foam  framework  thus  produoed  explains  the  low 
mechanical  strength  of  the  dried  mass.  Foams  are  hardened  by  ordinary 
annealing,  during  which  the  organic  constituents  (stabilisers)  of  the 
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liquid  foam  undergo  decomposition  (pyrolysis)  and  the  material  Is  sin- 
tered,  retaining  the  structure  Inherited  from  the  initial  foam.  The 
size  of  the  bubbles  and  the  concentration  ratio  of  the  gaseous  and  sol¬ 
id  phases  (and  thus  the  bulk  weight  and  other  characteristics  of  the 
foam)  may  vary  within  wide  limits.  They  depend  on  the  composition  of 
the  liquid  foam,  the  chemical -mlneralogloal  nature  and  specific  surface 
of  the  powder,  the  amount  of  powder  In  the  three-phase  mass,  and  the 
conditions  under  which  the  latter  Is  prepared.  Thus,  a  foam  produced 
from  a  given  mineral  powder  can  be  given  the  requisite  characteristics 
by  varying  the  ratio  of  the  phases  (solid,  liquid,  and  gaseous)  In  the 
mass,  l.e.,  by  regulating  Its  phase  composition. 


TABLE  1 

Ultimate  Compressive 
Strength  of  Foam  Ceramics 


l)  Type  of  foam  ceramic;  2)  total  porosity  (£);  3)  bulk  weight  (g/cm^) 
4)  kg/cm;  3)  based  on  ALgO 6)  based  on  ZrOg. 


TABLE  2 


Characteristics  of  PK-1 
Foam  Corundum 


1)  Bulk  weight  (g/c*3) ;  2)  kg/cm2;  3)  kcal/m*hr*°C;  4)  temperature  con¬ 
ductivity  (mvhrT;  5)  kcal/kg*°C;  6)  coefficient  of  blackness. 
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All  other  factors  being  equal,  the  characteristics  of  foam  oeram- 
lcs  depend  on  the  structure  of  the  framework,  i.e.,  the  nuafeer  of  bub- 
les,  their  size,  the  manner  in  which  they  are  distributed  In  the  mate¬ 
rial,  and  the  ratio  of  bubble  size  to  membrane  thickness.  The  tinner 
the  membranes  In  comparison  with  the  bubbles,  the  higher  are  the  ther¬ 
mophysical  and  mechanical  characteristics  of  the  foam  and  the  stronger 
are  the  membranes.  Table  1  presents  data  on  the  compressive  strength  of 
foam  ceramics  based  on  AlgO^  and  Zr02  as  a  function  of  porosity. 

The  ultimate  tensile  strength  of  a  foam  ceramic  based  on  AlgO^ 
(PK-1  foam  corundum)  having  a  bulk  weight  of  0.8  g/cm^  Is  37  kg/cm2, 
while  Its  ultimate  bending  strength  Is  148  kg/cm2.  The  thermal  conduc¬ 
tivity  of  foam  ceramics  decreases  as  their  porosity  Increases.  The 
thermal  conductivity  of  foam  oxides  drops  as  the  temperature  rises, 
since  the  conductivity  of  sintered  oxides  is  reduced  by  heating.  Table 
2  show 8  certain  characteristics  of  PK-1  foam  oorundum. 

Since  sintered  aluminum  oxide  Is  a  heat-resistant  material,  PK-1 
foam  oorundum  can  function  In  many  aggressive  media.  In  contemporary 
structures  foam  ceramics  are  employed  principally  as  heat  Insulation 
Intended  to  function  for  long  periods  with  high  temperatures  on  the  hot 
side.  The  higher  the  temperature  and  the  longer  the  period  for  which 
the  Insulation  Is  exposed,  the  higher  should  be  the  heat -resistance  of 
the  foam  ceramic.  Foaa -ceramic  materials  based  on  high-melting  metal 
oxides  (AlgOy  HgO,  BeO,  Zr02,  etc.)  satisfy  the  most  rigid  require¬ 
ments.  In  many  oases  sintered  foam  oxides  are  more  resistant  to  aggres¬ 
sive  media  and  severe  temperature  gradients. 

References:  Guzman,  I.Ya.  and  Poluboyarinov,  D.N. ,  Legkovesnyye 
ogneupory  it  oklsl  alyumlnlya  [Light -Height  Refractory  Miterlals  of 
Aluminum  Oxide),  Ogneupory  (Refractory  Miterlals],  1959,  No.  2. 
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FOAMED  MAGNESIUM  is  a  porous  material  with  volumetric  weight  0.1- 
-0.5  g/cm^.  Foamed  magnesium  consists  of  gas-filled  cells  with  thin 
walls.  The  ultimate  strength  with  volumetric  weight  of  0.15  g/cnr  is 
equal  to  1.8-2  kg/m  .  With  increase  of  the  volumetric  weight  the  ul- 

o 

tlaate  increases  proportionately,  reaching  25  kg/mm  for  cast  foamed 
magnesium  lwth  volumetric  weight  1.8  g/cnr.  The  cellular  structure  of 
foam  magnesium  provides  high  stiffnes. .  The  ultimate  strength  may  be 
increased  to  20-22  kg/fam  with  a  volumetric  weight  of  0.8  g/cnr  by  de¬ 
formation.  Foamed  magnesium  can  be  machined,  bolted,  riveted.  A  draw¬ 
back  is  the  difficulty  of  production  and  working.  Foamed  magnesium  is 
produced  by  introducing  a  foaming  agent  (hydrides  of  titanium,  zirconium 
lithium  and  others)  into  molten  magnesium  under  an  inert  gas.  Decomp¬ 
osing  on  heating,  the  foaming  agent  causes  the  molten  metal  to  froth 
and  it  is  quickly  cooled  with  water  before  the  foam  collapses. 

A. A.  Lebedev 
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FOAM  MATERIALS  -  gas -filled  materials  with  a  solid  as  the  disper¬ 
sion  medium  and  a  gas  as  the  dispersed  phase;  in  foams,  as  In  gas- 
f Iliad  materials  in  general,  the  gaseous  phase  constitutes  more  than 
500  of  the  total  volume  of  the  substance  and  the  diameter  of  individual 
pores  le  no  less  than  1  ti.  We  can  distinguish  foams  of  organic  and  in¬ 
organic  (based  on  Si02  end  combinations  of  Si02  with  metal  oxides,  alu¬ 
minosilicates,  and  other  substances)  origin. 


Pig.  1.  Mechanical  characteristics  of  plastic  foam  based  on  an  epoxy 
resin  as  a  function  of  specific  gravity  (up  to  y  «  0.l8  g/cm3):  a  -  im¬ 
pact  strength,  o^  -  ultimate  compressive  strength.  1)  Ultimate  com¬ 
pressive  strength,  kg/cm2;  2)  specific  gravity;  3)  impact  strength, 
kg-ou/om2. 


3 


Fig.  2.  Mechanical  characteristics  of  plastic  foams  as  a  function  of 
specific  gravity  at  y  >  0.2  g/c*3):  «b  -  ultimate  tensile  strength, 

o^  -  ultimate  compressive  strength,  a  -  impact  strength.  1)  kg/am2; 

2)  kg-cm/om 2;  3)  specific  gravity. 
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The  most  common  foams  are  those  based  on  polyvinyl  chloride,  poly¬ 
styrene,  phenol -formaldehyde,  and  other  high-molecular  synthetic  res¬ 
ins.  The  general  characteristics  of  foams  Include  low  specific  gravity 
(0.01-0.2  g/cm^  In  the  majority  of  cases),  good  heat-  and  sound-insu¬ 
lating  characteristics,  high  dielectric  properties,  buoyancy,  and  good 
cutability  and  glueability.  Most  foam  materials,  however,  are  combusti¬ 
ble  and  have  a  comparatively  low  heat  resistance.  The  mechanical  char¬ 
acteristics  of  foams  depend  to  a  great  extent  on  their  specific  grav¬ 
ity  (Figs.  1  and  2).  These  characteristics  are  sufficiently  high  for 
foams  to  be  used  as  structural  materials  in  order  to  increase  the  spe¬ 
cific  strength,  rigidity,  and  vibration  resistance  of  structural  compo¬ 
nents. 

The  foam  structure  of  these  materials  is  formed  by:  l)  mixing  a 
resin  with  the  inorganic  gas -forming  agents  NaHCO^  and  (NH^)2CC^ 
(frothing  agents  or  porophores)  and  then  heating  the  mixture,  which 
causes  the  porophores  to  decompose  and  liberate  gases.  Organic  gas- 
forming  agents  (azo  compounds,  azides,  nitroso  compounds,  etc.)  are 
more  widely  employed,  their  decomposition  generally  being  accompanied 
by  liberation  of  nitrogen;  individual  granules  of  the  composition  are 
frothed  and  then  sintered  (cemented)  into  a  monolithic  foam  by  heating 
under  slight  pressure;  2)  saturation  of  a  resin  with  gases  under  pres¬ 
sure  followed  by  a  sharp  reduction  in  pressure  (sometimes  combined  with 
heat  treatment),  which  leads  to  liberation  of  gases  into  the  resin  mass 
in  the  form  of  extremely  small  bubbles  (the  autoclave  method);  3)  irra¬ 
diation  of  a  resin  with  7-rays  or  neutrons  followed  by  heating;  the  de¬ 
struction  of  the  resin  molecules  during  irradiation  produces  substances 
that  decompose  and  liberate  gases.  This  method  is  employed  to  produce 
foams  based  on  polyacrylic  resins;  4)  mechanical  dispersal  of  a  gaseous 
product  in  a  liquid  polymer.  Equipment  with  mechanical  mixers  or  air- 
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bubbling  devices  is  used  In  this  case;  the  process  Is  carried  out  In 
the  presence  of  surface -active  agents.  Materials  such  as  mlpor  are  pro¬ 
duced  by  this  method;  5)  evaporation  of  readily  volatilized  liquids 
added  to  the  Initial  composition,  this  being  the  method  employed  in  the 
manufacture  of  stlropor;  6)  self -frothing,  which  is  based  on  delibera¬ 
tion  of  gaseous  products  during  the  chemical  interaction  of  the  sub¬ 
stances  participating  in  formation  of  the  resin.  This  method  is  used  to 
produce  foams  from  polyurethane  and  epoxy  resins. 


Fig.  3.  Mechanical  characteristics,  of  FK  plastic  foam  as  a  function  of 

rubber  content:  a  -  Impact  strength,  a.  -  ultimate  tensile  strength. 

2  2  ^ 

1)  kg/cm  ;  2)  kg-cm/cm  ;  3)  rubber  content,  parts  by  weight. 


Fig.  4.  Use  of  plastic  foam  in  the  construction  of  an  aircraft  wing: 

1)  Glass  textolite;  2)  plastic  foam  (filler);  3)  metal  longeron. 

Foams  based  on  polyvinyl  chloride  and  polystyrene  resins  have  sim¬ 
ilar  properties.  The  former  (PKhV-1,  PKhV-E,  etc.)  have  a  higher  resis- 
*  .nee  to  organic  solvents,  but  may  corrode  aluminum-  and  magnesium-al¬ 
loy  components  in  contact  with  them.  Polystyrene  foams  (PS-1,  PS-4, 
stiropor,  stirophor,  etc.)  are  inert  with  respect  to  metals,  but  dis¬ 
solve  more  easily  In  organic  solvents.  They  have  better  mechanical 
characteristics  at  normal  temperatures  than  other  foams,  but  have  a  low 
heat  resistance.  Their  dielectric  characteristics  are  somewhat  higher 
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than  those  of  polystyrene  foams.  A  number  of  new  foams  have  also  been 
developed  on  the  basis  of  polystyrene.  For  example,  PS-18  has  a  fine 
cellular  structure,  a  bulk  weight  of  0. 03  g/cm^,  a  coefficient  of  ther¬ 
mal  conductivity  of  0.02  kcal/m*hr* °C,  a  tangent  of  dielectric-loss  an¬ 
gle  of  0.0005  at  10^°  cps,  and  a  dielectric  permeability  of  I.O36  at 
1010  cps.  Mipor,  which  is  widely  used  as  a  heat-  and  sound -insulating 
material,  has  a  high  heat  resistance  (a  working  temperature  of  110°). 
Foams  based  on  phenol  aldehyde  and  polysiloxane  (silicoorganic)  resins 
are  still  more  heat-resistant.  Foam  of  types  FF  and  K-40  can  withstand 
temperatures  of  150-200°  or  more.  The  strength  and  heat-resistance  of 
these  foams  can  be  raised  by  addition  of  powdered  aluminum,  ground 
quartz,  and  other  substances.  Nitrile-based  rubber  is  added  to  reduce 
the  brittleness  of  type  FF  foam;  type  FK  foam  with  the  desired  combina¬ 
tion  of  strength  and  impact  strength  can  be  obtained  by  adding  sulfur 
and  a  hardening  agent  to  the  initial  mixture  and  vulcanizing  it  (Fig. 
3). 

Polyurethane  foam  has  good  physicochemical  and  technological  char¬ 
acteristics.  It  can  be  produced  at  the  consumer  plant  by  self -frothing. 
For  this  purpose  a  mixture  of  two  components  containing  isocyanate  and 
carboxyl  or  hydroxyl  radicals  is  poured  into  appropriate  molds.  A  di¬ 
isocyanate  and  a  polyester  are  used  in  practice,  their  interaction 
causing  simultaneous  formation  of  a  polyurethane  resin  and  frothing  as 
a  result  of  liberation  of  carbon  dioxide.  The  foam  formed  fills  the 
mold  and,  after  the  heating  necessary  for  final  setting,  it  acquires 
the  necessary  characteristics.  A  more  elastic  material  is  obtained  when 
there  is  an  excess  of  polyester. 

A  number  of  foams  capable  of  hardening  when  they  react  with  poly¬ 
amines  or  other  compounds  containing  labile  hydrogen  atoms  have  been 
developed  on  the  basis  of  polyepoxy  resins.  Epoxy  (polyepoxy)  foams  are 
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distinguished  by  exceptionally  high  adhesion  and  set  without  liberation 
of  by-products ,  which  makes  it  possible  to  produce  them  directly  in 
structures  without  pressing  or  use  of  glues.  Their  other  advantages  in¬ 
clude  stability  In  acids,  alkalis,  and  organic  solvents,  good  dielec¬ 
tric  characteristics,  and  high  heat-resistance. 

Inorganic  foams  are  obtained  by  frothing  compositions  based  on 
silicon  dioxide  and  then  annealing  them  at  high  temperatures.  These  ma¬ 
terials  include  glass  foam,  foam  concrete,  foam  silicate,  foam  ceram- 
ite,  etc. 


Pig.  5.  Use  of  plastic  foam  in  deflectors  for  aircraft  antennas:  1) 
Metal  tip;  2)  glass-textolite  housing;  3)  plastic-foam  filler. 


Fig.  6.  Plastic-foam  pan¬ 
el  blocks. 


Foam  materials  are  widely  used  as  light  fillers  in  sandwich  panels 
or  reinforced  structures  with  metal  or  plastic  facings.  They  have  also 
come  into  wide  use  in  aircraft  building  (Fig.  4)  and  in  the  oxygen,  re¬ 
frigeration,  and  furniture  Industries.  Suoh  "sandwich"  structures  have 
a  higher  specific  strength  and  rigidity  than  unfilled  structures.  Foam 
materials  (especially  those  based  on  polystyrene)  have  proved  to  be 
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Fig.  7«  Plastic-foam 
heat -insulating  pipe. 


Fig.  8.  Plastic- 
foam  life  pre¬ 
servers. 


.a _ ^ 


oivVi 


Fig.  9.  Plastic-foam 
life  belt. 


very  effective  in  the  construction  of  radar  components,  including  mir- 
ors,  emitters,  reflectors,  and  especially  antenna  deflectors  (Fig.  5). 
Such  deflectors  are  strong,  light,  and  radio-transparent.  As  a  result 
of  their  low  thermal  conductivity  foam  materials  can  be  successfully 
used  in  the  manufacture  of  heat -insulating  panels,  partitions,  slabs 
(Fig.  6),  etc.,  for  the  construction  of  residences  and  polar  stations 
and  as  heat -Insulating  materials  for  coolers,  refrigerators,  and  piping 
(Fig.  7).  Their  lightness  and  gas -impermeability  make  foams  suitable 
for  use  in  the  production  of  various  difficult -to-submerge  articles, 
such  as  life  preservers  (Fig.  8),  life  belts  (Fig.  9),  pontoons,  buoys, 
and  other  floating  devices,  serving  as  a  replacement  for  cork.  Soft, 
elastic  foams  of  the  porolon  type  are  used  in  the  production  of  shock- 
absorbers,  sponges,  carpets,  soft  chairs,  mattresses,  etc.  Inorganic 
foams  are  used  principally  in  the  manufacture  of  heat-resistant,  heat- 
insulating  panels  for  prefabricated  construction  of  commercial  and  res¬ 
idential  buildings. 

References:  Penoplastmassy  [Plastic  Foam],  collection  of  articles. 
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edited  by  A.  A.  Moiseyev  et  al.,  Moscow,  I960;  Berlin,  A. A.,  Sverkhleg- 
kiye  i  konstruktsionnyye  plastmassy  [Ultralight  and  Structural  Plas¬ 
tics],  Moscow,  1959;  Idem,  Osnovy  proizvodstva  gasonapolnennykh  plast- 
mass  i  elastomerov  [Principles  of  the  Production  of  Oas -Filled  Plastics 
and  Elastomers],  Moscow,  19 54;  Kitaygorodskiy,  I. I.,  Keshishyan,  T.N. , 
Penosteklo  [Glass  Foam],  Moscow,  1953;  Spravochnik  po  mashinostroitel ' - 
nyra  materialam  [Handbook  of  Machine-Building  Materials],  edited  by  O.I. 
Pogodln-Alekseyev,  Vol.  4,  Moscow,  i960. 

B.K.  Vul'f 


. 
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FOAM-SLAG  SITALL  -  see  Sltalls. 
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FORTISAN  -  is  a  hydrated  cellulose  fiber  obtained  by  drawing  ace¬ 
tate  fiber  (100#  degree  of  draft)  In  an  atmosphere  of  superheated  steam 
(pressure  about  2.5  atm)  under  simultaneous  saponification  of  the 
acetyl  groups  by  a  1#  solution  of  NaOH  containing  15#  CH^COONa.  Forti- 
san  Is  the  most  highly  oriented  hydrated  cellulose  fiber  with  a  high 
strength.  The  specific  gravity  of  fortisan  Is  1.52;  the  moisture  per¬ 
centage  Is  9*6  at  20°  and  a  relative  moisture  of  65#.  The  chemical  sta¬ 
bility  Is  the  same  as  that  of  cotton  and  of  viscose  rayon,  the  colora- 
bllity  Is  poor  and  considerably  lower  than  that  of  cotton  and  viscose 
rayon.  The  breaking  length  is  63-80  km.  The  loss  In  strength  is  about 
30#  In  wet  state  and  38#  in  a  loop.  The  specific  tensile  strength  is 
95-121.5  kg/mm2.  The  Initial  modulus  of  elasticity  is  2080-2500  kg/mm2. 
Fortisan  is  used  for  technical  purposes:  production  of  transmission 
belts,  conveyor  belts,  hoses,  etc. 

References:  Serkov,  A.T. ,  Konkin,  A. A.,  Kotomlna,  I.N. ,  "Khlmlch- 
eskiye  volokna,"  1959,  Ho.  1,  page  15}  Moncrlff,  R.U. ,  Khimichesklye 
volokna  [Synthetic  Fibers],  translated  from  English,  Moscow,  1961, 
page  207;  Sherman,  J.V. ,  Sherman,  S.T. ,  The  Hew  Fibers,  H.Y. ,  1946, 
pages  279-294. 


L.S.  Oalbraykh 
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FRACTOGRAPHY  -  Is  the  examination  of  the  surface  of  mechanical 
destructions  (fractures)  of  specimens  and  parts  carried  out  usually  by 
means  of  an  optical  or  electron  microscope  combined  with  a  visual  In¬ 
spection  at  low  magnification.  The  fracture  surface  must  not  be  pre¬ 
viously  pickled  or  ground.  To  be  able  to  investigate  the  "weak  points" 
of  the  destructed  specimens  or  parts  in  the  same  state  in  which  the 
destruction  occurred  is  an  advantage  of  the  fractography.  Fractography 
helps  to  explain  the  surface  structure  of  the  fracture,  the  course  of 
the  development  of  the  fracture,  the  role  of  the  various  structural 
components,  the  change  in  their  state  under  a  load,  etc.  The  orienta¬ 
tion  of  the  investigated  part  of  the  fracture  surface  with  respect  to 
the  optical  axis  of  the  microscope  is  the  main  methodical  problem  of 
the  fractography.  A  hinge- joint  on  the  stage  of  the  metal  microscope 
is  used  to  carry  out  the  orientation.  The  fractography  is  carried  out 
in  direct  light,  the  fracture  surface  being  slightly  Inclined.  The  mi- 
crorellef  of  the  surface  becomes  detectable  in  this  way. 

Fractography  by  means  of  optical  microscopes  is  limited  by  the 
shadowing  of  the  inner  surface  sections  by  the  protruding  edges,  where 
fore  usually  only  the  microsect Ions  near  to  the  border  of  the  fracture 
can  be  investigated,  and  Is  also  limited  by  the  necessity  that  at 
least  small  plane  sections  of  the  fracture  must  be  present  (sections 
with  crystalline  structure,  for  example);  this  exigency  encumbers  the 
Investigation  of  fibrous  fractures.  Fractography  by  means  of  electron 
microscopes  with  a  magnification  of  ten  thousand  has  clarified  new 
details  of  the  fracture  structure  which  are  not  detectable  at  lower  mag 
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niflc&tions:  the  origin  of  the  fractures  on  the  carbide  inclusions 
existing  on  the  grain  boundaries  (Fig.)  in  the  case  of  a  ductile  des¬ 
truction;  the  formation  of  steps  with  strongly  deflected  sharp  edges 
on  the  shear  surfaces  in  the  case  of  brittle  destruction,  etc.  These 
facts  shew  that  a  considerable  plastic  deformation  between  parallel 
cracks  takes  place  at  the  end  of  a  brittle  destruction.  The  greater 
sharpness  is  the  depth  of  the  pattern  and  the  possibility  to  investl 
gate  small  sections  of  distorted  surfaces  are  the  advantages  of  the 
electron  microscope  fractography  in  comparison  to  that  of  optical  mi¬ 
croscopes.  The  necessity,  in  some  cases,  of  dissolving  the  metal  of  the 
specimen  for  the  preparation  of  a  replica  (a  copy  of  the  surface)  is 
disadvantage  of  the  electron  microscope  fractography.  There  exist  also 
other  methods  of  fractography:  photoaetrical  fractography  which  meas¬ 
ures  the  relfectance  of  fracture  surfaces,  x-ray  diffraction  and  elec¬ 
tron-diffraction  study  of  surface  layers,  differential  staining,  and 
the  investigation  of  the  microgeometry  of  the  fracture  surfaces  by 
means  of  profllographs.  Many  of  the  peculiarities  of  the  structure  of 
fractures  made  apparent  by  fractography  are  not  yet  explained. 


Electron  micrographs  of  break  surfaces  in  low-carbon  steel:  a)  Viscous 
fracture,  12,000x;  b)  brittle,  5000x  (after  L.O.  Orlov  and  L.M.  Utev- 

m,). 
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References :  Fridman,  Ya.B. ,  Qordeyeva,  T.A. ,  Zaytsev,  A.M. ,  Stroy- 
enlye  1  anallz  lzlomov  metallov  [Structure  and  Analysis  of  Metal  Frac¬ 
tures],  Moscow,  i960. 


Ya.B.  Fridman 


III-8r 


FRACTURE  -  the  breaking  of  a  body  Into  pieces  on  application  of  a 
mechanical  load,  sometimes  in  conjunction  with  thermal,  corrosive,  and 
other  factors.  In  the  majority  of  materials  fracture  is  accompanied  by 
simultaneous  elastic  and  Plastic  deformation  and  strict  delineation  of 
these  processes  Is  difficult.  Fracture  Is  classified  as  lnslplent  (for¬ 
mation  and  development  of  cracks)  or  complete  (breakage  of  the  body  In¬ 
to  two  or  more  pieces);  as  brittle  (without  substantial  plastic  defor¬ 
mation)  or  plastic  (viscous);  as  fatigue,  prolonged,  or  Delayed  frac¬ 
ture.  etc. 

Ya.B.  Fridman 
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FRACTURE  STRENGTH  -  the  greatest  stress  required  to  fracture  a 
specimen;  we  can  distinguish  resistance  to  brittle  fracture,  or  Rupture 
strength,  and  resistance  to  viscous  fracture,  or  Sheer  strength.  In 
tensile  tests  the  fracture  strength  is  determined  from  the  load  at 
the  instant  of  complete  fracture  related  to  the  final  cross-sectional 
area.  For  brittle  materials  fracture  under  tension  occurs  at  the  in¬ 
stant  when  the  greatest  load  is  reached  and  the  fracture  strength 
(rupture  strength)  is  thus  virtually  identical  to  the  ultimate  strength 
S^.  -  ab*  For  plastic  materials,  which  neck  during  extension,  the  frac¬ 
ture  strength  can  be  roughly  calculated  from  the  formulas:  =  ob 

(1  +  1.35  T^k)  at  ifh  £  0.15  and  Sk  =  ab(0,8  +  2.06  when  >  0.15, 

where  ^  is  the  final  and  i^b  the  uniform  reduction  in  cross-sectional 
area. 

References:  Fridman,  Ya.B. ,  Mekhanicheskiye  svoystva  metallov 
[Mechanical  Properties  of  Metals],  2nd  Edition,  Moscow,  1952. 

N.V.  Kadobnova 
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FREE-CUTTING  STAINLESS  STELL  is  stainless  steel  which  is  improved 
for  working  on  automatic  and  semiautomatic  machines;  additions  of  sul¬ 
fur,  selenium,  and  phosphorus  provide  for  good  machinability.  Sulfur  or 
selenium,  and  sometimes  phosphorus  as  well,  in  the  structure  of  the 
free-cutting  stainless  steels  have  the  form  of  finely  granulated  nonme- 
tallic  inclusions  —  sulfides,  selenides,  and  phosphides  [Fig.  1)  which, 
located  between  the  metal  particles,  provide  for  easier  separation  of 
the  chip  from  the  surface  of  the  part  being  worked.  Most  often  the  ad¬ 
dition  of  sulfur  to  12#-chrome  free-cutting  stainless  steel  is  per¬ 
formed  together  with  the  addition  of  0.5#  Mo  in  the  form  of  molybdenum 
sulfide,  which  aids  in  improved  distribution  of  the  sulfides  and  fa¬ 
cilitates  hot  working  of  the  steel.  Sometimes  for  this  same  purpose 
zirconium  is  added  along  with  the  sulfur,  which  in  the  steel  structure 
has  the  form  of  zirconium  sulfides.  The  chemical  composition  of  the 
most  typical  free-cutting  stainless  steels  is  presented  in  Table  1,  and 
the  tempering  temperature  is  shown  in  Fig.  2.  The  presence  of  a  large 
amount  of  nonmetallic  inclusions  is  reflected  in  the  mechanical  prop¬ 
erties  of  the  free-cutting  stainless  steel,  giving  it  marked  aniso¬ 
tropy.  However,  in  specimens  cut  from  the  material  along  the  direction 
of  rolling  the  effect  of  sulfur  content  to  0.25#  on  the  mechanical 
properties  of  12#-chrome  steel  is  hardly  noticeable,  while  the  frac¬ 
ture  resistance  and  the  relative  elongation  vary  little  in  comparison 
with  steel  not  containing  sulfur.  The  chrome-nickel  austenitic  free- 
cutting  stainless  steels  have  in  their  composition  selenium  or  tellur¬ 
ium  (analogs  of  sulfur),  since  these  additives  improve  the  pressure 
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Fig.  1  Microstructure  of  stainless  12#-chrome  steel  with  addition  of 
sulfur:  a)  After  annealing  at  843°,  furnace  cooling  (HB  =  150  kg/mm2); 
b  after  quench  from  982°  in  oil  and  tempering  (HB  =  375  kg/mm2). 

TABLE  1 

Chemical  Composition  of  Free-Cutting  Stainless  Steel 


Coaepmamto  anencHToB  (•/,) 


CTajib  no  TOCT 

1  | 

C 

St 

Mn 

Cr 

N1 

S 

P 

0  Jipynic 
ajieMeitTM 

^  xt*  <;>h:m) . 

<0 .15 

<0.7 

<0.7 

13-15 

- 

0,2- 

0,4 

5  3H474 . 

■CJn 

<0.5 

0,8- 

1.2 

1  2 — 14 

1 .5- 
2.5 

0 . 1 5— 
0,25 

0,08- 

0,15 

6  X18H10E  (OH453)  .... 

<0 ,  1 2 

<0.8 

1-2 

17-19 

9-11 

<0.02 

<0.035 

Tc  h;ih  Se 
0.18—0.35  - 

1)  Steel  per  GOST;  2)  content  of  elements  (#);  3) 
other  elements;  4)  Khl4  (EI241);  5)  EI474;  6) 
Khl8N10E  (EI453);  7)  Te  or  Se. 

TABLE  2 

Mechanical  Properties  and  Heat  Treatment  of  Free- 
Cutting  Stainless  Steel 


2  TcpuHtecKiH  oCpaCoTKa 
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1  « 

(%> 

X14  OH241) 
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_ 

_ 

3H474 

(MnTy  *157-53) 

To  we 

CocToHHiie  nocTasiiii  (npyTKii)  .  .9  • 

rr  3 . 6  —  4 , 2  MM 

7 

3.6—4 .2  mm 

RC  23-25 

70-100 

pp 

OtWHr . "1 1  .  .  . 

SaKajixa  c  1030—1050’  Ha^sbuayxe, 
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85 

10 

*  12 
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‘  13 

3ahajwa  c  1030—1050’  Ha  B03ay*e, 
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HC  53 

162 

5 

X18H10E  (3H453) 

n-iKajitta  c  1050*  (  aoae . 

H II  140-223 

55 

40 

l4 

_ 15 _ 

Kt/MM1 

-4-6 - 

(0,.,  =  20) 

(*«*0) 

1)  Steel;  2)  heat  treatment;  3)  hardness;  4)  a.  kg/mm2:  5)  Khl4(EI24l); 
6)  as  delivered  (rods);  (rods);  7)  HB(dotJ;  8)  EI474  (MPTU  4157-53); 
95  as  delivered  (rods);  10)  same;  11)  p  anneal;  12)  air  quench  from 
1030-1050%  temper  at  l80-240°;  13)  air  quench  from  1030-1050%  temper 
at  240-280%  14)  Khl8N10E  (EI453);  15)  water  quench  from  1050°;  16)  HB 
140-223  kg/mm2 . 
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Pig.  2.  Variation  of  mechanical  properties  of  steel  with  0.11#  C,  13# 

Cr  and  addition  of  sulfur,  as  a  function  of  tempering  temperature  ([soak 
for  5  hours,  air  cooled).  1)  HB  kg/mm2;  2)  tempering  temperature,  dC. 

workability  of  the  steel  in  the  hot  condition.  The  corrosion  resistance 
of  the  free-cutting  stainless  steels  is  somewhat  lower  in  comparison 
with  the  usual  grades  of  these  steels.  In  atmospheric  conditions  the 
free-cutting  stainless  steels  have  about  the  same  corrosion  rate  as 
ordinary  stainless  steel;  the  resistance  to  oxidation  deteriorates  with 
increases  temperature. 

Applications:  steel  Khl4  —  for  parts  requiring  high  wear  resis¬ 
tance  (bolts,  nuts,  gears  and  other  threaded  details);  EI474  steel  - 
for  instrument  components  with  high  hardness  (trunnions,  gears,  trans¬ 
mission  shafts,  etc.):  Khl8N10E  steel  —  for  components  of  medium  hard¬ 
ness  which  are  machined  on  automatic  machine  tools. 

References:  Khimushin  P.P.,  Nerzhaveyushchiye  stall  (Stainless 
Steels),  Moscow,  1963:  Watkins  S.P.,  "Metal  Progr.",  1941  v.  39,  No.  4, 
p.  452;  No.  6,  p.  710. 

F.F.  Khimushin 
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FRICTION  CAST  IRON  —  Is  a  cast  iron  used  for  parts  of  braking  de¬ 
vices.  It  is  characterized  by  a  high  friction  coefficient,  a  high  wear 
resistance  and  by  the  fact  that  no  seizing  takes  place  within  the  wide 
temperature  range  caused  by  the  friction  during  braking.  In  service, 
friction  cast  iron  must  well  resist  thermal  cracking  under  the  high 
stress  caused  by  the  great  temperature  difference  between  the  friction 
surface  and  the  underlying  layers ;  it  must  have  a  high  heat  conductiv¬ 
ity  to  remove  quickly  the  heat  formed  on  the  surface  of  the  friction 
joint,  and  a  sufficiently  high  strength  at  normal  and  higher  tempera¬ 
tures. 

Chemical  Composition  of  Friction  Cast  Iron 
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To  we . 

ArroMoOmnecTpoe* 

3, 7-3. 9 

1,45- 

1.65 

0,3— 0.4 

1.35- 
1 .55 

0,3-0. 4  Mo 

■ee,  MA3  .  .  . 

3,25- 

3,6 

2. 2-2. 5 

0, 6-0,8 

<0,2 

0.12 

0.25— 

0.6 

— 

0.15-0,35  Co. 
0,03-0,0*  Tt 

To  we.  TA3  .  .  . 

3,55- 

3,8 

1,9- 

3,15 

0,6-0, 9 

0, 2-0,3 

0,13 

<0,2 

— 

To  we.  3HJI  .  .  . 

Topmom  Kepoe- 

3. 2-3, 4 

1.9-2 

0.5-0. 8 

0.15- 

0,2 

0,12 

0,25— 

0,35 

0.25- 

0,35 

CKoro  »-*»  .  .  . 
Top  mom  cue*. 

2. 9-3, 5 

1 . 7—2,3 

1 

1 ,7-2,3 

0,3-0, 6 

0.15 

<0.3 

<0,3 

HN9HIWHIR  .  .  . 

2,9- 

3.46 

1,23— 

1 .53 

1,85- 

2,45 

0,45- 

0,75 

— 

<0.2 

— 

0,o«-0,l  T1 

TopMOOH  .  ■  . 

3. 8-3,8 

1.1-1. 3 

0,8-0, 8 

— 

— 

— 

— 

0,5  Mo 

To  we . 

To  we  (TOCT 

2. 9-3, 3 

1.2-1, 6 

AO  0,8 

1-1,4 

0.16 

— 

<921—64)  .  .  . 

3-3.4 

1-1.6 

1-1.5 

0,2-0. 4 

0.2 

1)  Field  of  application;  2)  percentage  of  elements;  3)  not  more  than; 

4)  other  elements;  5)  aircraft  construction;  6)  the  same;  7)  automobile 
industry,  industry,  MAZ;  8)  the  same,  GAZ;  9)  the  same,  ZIL;  10) 
brakes  of  the  Kirov  Plant;  11)  brakes  for  special  purposes;  12)  rail¬ 
road  brakes;  13)  the  same  (GOST  6921-54);  14)  up  to. 
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Nonalloyed  and  low-alloy  gray  Irons  with  pearlitic  base  are  used 
for  parts  of  braking  devices;  their  chemical  composition  is  quoted  in 
the  Table. 

Gray  cast  iron  with  an  increased  carbon  content  (3.6-3. 8$)  has  a 
lower  tendency  to  crack  thermally  and  tc  seize.  Phosphorus  increases 
the  wear  resistance  and  the  friction  properties  of  gray  iron,  but  it 
promotes  the  cracking.  Nickel  and  molybdenum  increase  the  rigidness  of 
pearlite  and,  therefore,  increase  the  strength  and  wear  resistance. 

Owing  to  the  brittleness  of  gray  iron  and  its  tendency  to  crack 
thermally  which  frequently  causes  a  breakage  of  the  braking  devices, 
the  latter  are  manufactured  by  a  bimetallic  method;  by  welding  the 
cast  iron  on  a  steel  frame.  This  combination  guarantees  a  high  tough¬ 
ness  of  the  part  and  the  high  resistance  characteristic  for  gray  iron, 
and  avoids  also  a  disintegration  of  the  part  in  the  cause  of  breakage. 
The  gray-iron  layer  is  welded  on  the  steel  frame  during  the  casting; 
the  liquid  gray  iron  is  overheated  to  1570°.  Cast  iron  for  bimetallic 
brakes  is  founded  in  cupola  furnaces  or  in  other  founding  units. 

In  the  automobile  industry,  brake  shoes  of  pearlitic  or  pearlite- 
ferritic  malleable  iron  are  also  used.  Brake  shoes  of  graphitized  steel 
(see  Graphltlzatlon  of  steel)  with  a  content  of  1.5#  free  graphite  give 
satisfactory  results.  High-alloy  iron  with  a  composition  similar  to 
that  of  the  Ni-Resist  grade  ZhChNDKhl5-7-2  (see  Scale-res  is  taint  cast 
iron)  is  used  for  the  brakes  of  windlasses  which  work  in  sea  water. 

References :  Grechin,  V. P. ,  Legirovannoye  chugunnoye  lit' ye  [Alloy 
Iron  Casting],  Moscow,  1952;  Sobolev,  B.P. ,  Avtomobil'nyye  otlivki 
[Castings  for  Automobiles],  in  the  book:  Spravochnik  po  mashinostroi- 
tel'nym  materialam  [Hardbook  on  Machine  Building  Materials],  Vol.  3, 
Moscow,  1959;  Girshovich,  N. G. ,  Sostav  i  svoystva  chuguna  [Composition 
and  Properties  of  Cast  Iron],  in  the  book:  Spravochnik  po  chugunnomu 

16*19 


III-26ch2 


lit'yu  [Handbook  on  Iron  Casting],  2nd  Edition,  Moscow-Leningrad; 

Larin,  T.V. ,  Devyatkin,  V.  P.  and  Tarasenko,  A.Ya. ,  Puti  povysheniya 
friktsionnykh  svoystv  i  iznosostoykosti  tormoznykh  kolodok  podvizhno- 
go  sostava  zheleznykh  dorog  [Methods  to  Increase  the  Friction  Proper¬ 
ties  and  the  Wear  Resistance  of  the  Brake  Shoes  of  Railroad  Rolling 
Stock],  in  the  book:  Trudy  3  Vses.  konferentsii  po  treniyu  i  iznosu 
v  ma8hinakh  [Transactions  of  the  3jrd  All-Union  Conference  on  Friction 
and  Wear  in  Machines],  Vol.  2,  Moscow,  i960;  Hall,  A.M. ,  Nike!'  v 
chugune  i  stall  [Nickel  in  Cast  Iron  and  Steel],  translated  from  Eng¬ 
lish,  Moscow,  1959* 

A. A.  Slmkln 
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[ Transliterated  Symbols ] 


=  MAZ  =  Moskovskiy  avtomobi’nyy  zavod  =  Moscow  Automo¬ 
bile  Plant 

=  GAZ  =  Gor' kiyevskiy  avtomobil'nyy  zavod  =  Gor’kiy 
Automobile  Plant 

=  ZIL  -  zavod  lmeni  Likhacheva  =  Likhachev  Plant 
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FRICTION  CERMET  is  an  alloy  metals  (iron,  copper,  lead,  chromium, 
nickel  and  others)  with  nonmetallic  additives  -  asbestos,  graphite, 
barite,  sulfides,  oxides  and  others,  prepared  using  the  powder  metal¬ 
lurgy  method  and  Intended  for  components  operating  under  frictional 
conditions.  Friction  cermet  is  produced  in  the  form  of  various  bimetal¬ 
lic  products  in  which  the  cermet  frictional  layer  is  sintered  onto  a 
steel  base.  Depending  on  the  chemical  composition  and  the  product  usage, 
the  friction  layer  is  in  the  range  of  0.8-5  ran.  Two  types  of  friction 
cermets  are  produced  -  using  iron  and  copper  bases.  The  iron-base  cer¬ 
mets  are  used  primarily  for  operation  under  conditions  of  dry  friction, 
while  the  copper-base  are  used  in  an  oil  medium. 

TABLE  1 

Chemical  Composition  of  Friction  Materials  (£) 
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1)  Type  of  friction  cermet;  2)  graphite;  3)  barite 4)  silica  <«o*; 
5)  asbestos;  6)  copper  sulfide;  7)  iron-base;  8)  base;  9)  copper-base. 


Die  chemical  composition  of  the  cermet  fricltion  mate rale  produced 
in  the  USSR  is  given  in  Table  1.  In  addition  to  the  materials  listed 
in  the  table,  a  friction  cermet  is  produced  in  small  quantities  in  the 
USSR  whose  base  (iron)  is  alloyed  with  Nl,  Cr  and  V.  This  cermet  has 
high  wear- resistance  performance  but  less  stable  characteristics  of  Its 
friction  properties  (see  Tables  2,  3).  The  figure  shows  a  view  of  a 
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cermet  friction  brake  disc. 


TABLE  2 

Basic  Properties  of  Friction  Cermets 


•  lUufwm . 

»» . 

*  •  4  CH*t . 

. 

•* . 

•w . 

II  X  i  HHTrrow  .•#- 

»•«•  ....... 

|<«  It-  •  — IHUMI 

!»-W  .  . 

II  X«M.  tpr—w  ho 


I  Kjhhhm 


7  »/•*' 

I  MM* 


I KIMUH 
l»M/««* 
||HMM* 

n  ■»** 


u  mm  «y*QM  Tp«HHH 

IT  HHCHOHOH  CfOOr 
II  Ron.  cntauMTi 
H  m- 


•pmhmmmn  nrriMiMt- 

IMHHKI  * 

M  iwgir.iHi*  hi  ar.it** 

4  ICHUM  |  ICNIWT 

4.M-4.7  l.l-l.l 

M-a«  I*  -» 

l.t— 7  4-7 

14.1—17  Z*-2» 

l-l  1-4 

•  .•«-«.  07  - 

ii.AhI— •  1»T2  -0,1 

ii.s-ii  i:.«  :i 


I.M.tl  o.M-4.) 
•  .1-4.12  0.1-4.12 

O.OOI-O.IOI  — 

7.J0-I*-*  — 


i  •.•i»-0.04 


friction:  17)  in  oil  medium;  18)  stability  coefficient;  19)  braking  ef¬ 
fectiveness;  20)  wear  per  single  stop  on  ChNMKh  iron. 


TABLE  3 

Areas  and  Conditions  of  Ap¬ 
plication  of  Friction  Cer¬ 
mets 
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1)  Type  of  cermet;  2)  typical  application  conditions;  3)  basic  areas  of 
application;  k)  Iron-base;  3)  dry  friction.  Working  pressure  20-30  kg/ 
/cm2.  Braking  speed  20-25  m/sec.  Surface  operating  temperature  900-1200*. 
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Bulk  operating  temperature  300-400°]  6)  drake  discs  for  jet  airplane 
wheels,  brake  components  for  excavators;  7)  copper  base;  8)  fluid  fri¬ 
ction.  Operating  pressure  5-10  kg/cm*.  Braking  speed  10-15  m/sec.  Sur¬ 
face  operating  temperature  70-80  .  Bulk  operating  temperature  35*40°; 

9)  hydraulic  clutch  components  for  trucks,  excavators,  tanks. 

References:  Rakovskiy  V.S.  and  Sak- 
llnskly  V.  V. ,  Metallo-keraakla  v  mashln- 
o8troyenll  (Cermets  In  Machine  Construc¬ 
tion),  M. ,  1936;  Samsonov  O.V. ,  Plotkln 
S.Ya. ,  Prolzvodstvo  zheleznogo  poroshka 
(Production  of  Iron  Powder),  M. ,  1957; 
Bal 1  shin  M.Yu. ,  Poroshkovaya  metallurg- 
iya  (Powder  Metallurgy),  M. ,  1948. 


V.  S.  Rakovskiy 
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FROST-RES ISTANT  RUBBER  -  rubber  which  retains  Its  elastic  proper¬ 
ties  at  low  temperatures  and  Is  capable  of  undergoing  large  reversible 
formations  over  a  wide  temperature  range.  As  the  temperature  drops 
polymers  and  rubbers  based  on  them  lone  their  flexibility  and  behave 
like  solids  (glass).  This  Is  manifested  external  In  a  loss  of  elastici¬ 
ty,  which  destroys  the  usefulness  of  rubber  articles. 


TABLE  1 
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1)  Characteristic;  2)  temperature  (*C);  3)  ultimate  tensile  strength 
(kg/cm2);  *0  relative  elongation  {*);  5)  hardness  in  TM-2  apparatus; 
o)  restoration  after  compression  (%). 

TABLE  2 
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I)  Rubber;  2)  vitrification  temperature  (*C);  3)  natural;  4)  dlvlnyl; 
5)  SKD;  6)  SKB;  7)  SKBM;  8)  dlvlnyl  styrene;  V)  SKS-30;  10)  SKS-1C; 

II)  dlvlnylnitrlle;  12)  SKH-l£;  U)  SKN-2fc;  14)  5KM-4C;  15)  butyl;  16) 
chloroprene;  17)  slloxanc;  18)  f luorine-contalnlng. 
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The  elasticity  of  a  rubber  is  also  affected  by  crystallization. 
Natural,  chloroprene,  isoprene,  siloxane,  butyl,  and  isobutylene  rub¬ 
bers  and  butadienpolymers  with  a  regular  structure  are  crystallized 
polymers.  Divinylstyrene  (SKS,  SKMS)  and  divinylnitrile  (SKN)  rubbers, 
divinyl  rubbers  with  an  Irregular  structure  (SKB,  SOM),  etc.  are  un- 
crystallized  rubbers.  Freezing  of  a  rubber,  i.e. ,  the  transition  from 
an  elastic  to  a  solid  state,  is  accompanied  by  an  increase  in  strength, 
hardness,  and  modulus  of  elasticity  and  a  decrease  in  elongation  and 
elastic  restoration  after  removal  of  the  deforming  stress. 

Table  1  presents  data  on  the  change  in  the  properties  of  rubber 
based  on  the  frost-resistant  divinyl  styrene  gum  SKMS-10  as  the  temper¬ 
ature  drops. 

The  frost  resistance  of  a  rubber  is  essentially  determined  by  that 
of  the  gum  on  which  it  is  based. 

Table  2  presents  data  on  the  vitrification  temperatures  of  vari¬ 
ous  gum  rubbers. 


TABLE  3 


1)  Amount  of  plasticizer  (parts  by  weight  per  100  parts  by  weight  of 
gum);  2)  coefficient  of  restoration  at-60*j  3)  ultimate  tensile 
strength  (kg/cm2);  4)  hardness  in  TM-2  apparatus. 

SKMS-10,  SKEK,  and  SKD  gums  are  used  for  rubber  components  which 
must  operate  in  air  over  a  temperature  range  of  ±60*,  while  KK,  SKS -30, 
SKN-18,  and  SKB  gums  are  used  for  components  which  must  function  at 
~&0*  to  -50*.  SKB-18  Is  employed  for  petroleum-oil  media  over  the  tem¬ 
perature  range  ±50* ,  while  SKN-26  gum  is  used  for  temperatures  of  —35* 
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to  — 40°.  Addition  of  frost-resistant  synthetic  gums  to  gums  with  a 
low  frost  resistance  increases  the  resistance  of  tne  latter.  In  prac¬ 
tice,  this  makes  it  possible  to  produce  rubbers  with  a  high  frost  re¬ 
sistance  and  no  loss  of  strength. 

The  frost-resistance  of  a  rubber  mixture  is  influenced  by  the  fol¬ 
lowing  ingredients: 

a)  Vulcanizers  have  no  material  effect  on  the  freezing  tempera¬ 
ture  of  rubbers;  a  few  vulcanizing  agents  promote  production  of  rub¬ 
bers  with  a  coarser  structure  (i.e.,  fewer  bonds  between  the  rubber 
molecules).  Such  rubbers  are  somewhat  more  susceptible  to  deformation 
at  low  temperatures,  which  in  practice  leads  to  a  drop  of  3-5°  in  the 
freezing  temperature.  These  vulcanizing  agents  include  tetramethy] thir- 
am  disulphide  (in  a  proportion  of  2-3  parts  by  weight  to  100  parts  by 
weight  of  gum)  at  a  sulfur  content  of  no  more  than  0-5  parts  by  weight, 
as  well  as  certain  other  accelerators  that  do  not  require  the  mixture 
to  contain  sulfur  for  vul  'ization. 

b)  Fillers  have  a  varying  influence  on  the  freezing  temperature 
of  rubbers.  In  the  case  of  vitrified  rubbers  increasing  the  amount  of 
fillers,  especially  reinforcing  fillers,  reduces  their  frost-resistance 
and  increases  their  vitrification  temperature;  in  the  case  of  crystal- 
lizable  rubbers  fillers  hamper  regrouping  of  the  molecules  from  the 
random  to  the  ordered  state,  so  that  crystallization  becomes  more  dif¬ 
ficult.  The  filler  content  of  rubber  mixtures  varies  from  50  to  150 
parts  by  weight  per  100  parts  by  weight  of  gum,  depending  on  the  hard¬ 
ness,  durability,  resit  ince  to  various  aggressive  media,  etc.,  required 
of  the  rubber. 

c)  Softeners, provided  that  they  combine  well  with  the  gum  and 
themselves  have  a  low  freezing  temperature,  are  capable  of  substantially 
reducing  (by  10-15°)  the  freezing  temperature  of  rubber  mixtures.  Such 
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softeners  are  referred  to  as  plasticizers  or  antifreezes.  Chemically, 
they  are  basically  conplex  ethers  of  multibasic  aliphatic  and  aromatic 
acids  (e.g. ,  the  dibutyl  or  dioctyl  ether  of  phthalic  acid,  the  dibutyl 
ether  of  sebacic  acid,  and  the  tricresol  ether  of  phosphoric  acid). 

The  amount  of  plasticizers  used  in  a  rubber  mixture  is  usually  15-30 
parts  by  weight  per  100  parts  by  weight  of  gum. 

Addition  cf  a  plasticizer  improves  the  frost  resistance  of  rubbers, 
increases  their  coefficient  of  restoration,  and  shifts  their  vitrifica¬ 
tion  temperature  toward  lower  temperature;  however,  it  reduces  their 
ultimate  tensile  strength,  hardness,  and  durability,  a  phenomenon 
which  must  be  taken  into  account  in  developing  formulas  for  rubbers 
which  must  combine  other  properties  with  frost  resistance. 

Table  3  presents  data  on  the  variation  in  the  coefficient  of  res¬ 
toration  (Ky),  strength,  and  hardness  of  rubbers  based  on  SKN-18  as  a 
function  of  plasticizer  (dibutylphthalate)  content. 

The  frost  resistance  of  a  rubber  is  determined  from  its  coeffi¬ 
cient  of  frost  resistance  (GOST  ^08-53) ,  its  embrittlement  temperature 
(GOST  7912-56),  its  coefficient  of  elastic  restoration  (TU  MKhP  ll6l- 
58),  etc. 

References:  Koshelev,  F.F. ,  Limov,  N. S. ,  Obshchaya  tekhnologiya 
reziny  [General  Technology  of  Rubber],  2nd  Edition,  Moscow,  1958; 
Dogadkin,  B.A.,  Khimiya  i  fizika  kauchuka  [Chemistry  and  Physics  of 
Gum  Rubber],  Mo scow -Leningrad,  19^7;  Aleksandrov,  A.P. ,  in  book:  Trudy 
I  i  II  konferentsiy  po  vysokomolekulyarnym  soyedineniyam  [Transactions 
of  the  I  and  II  Conferences  on  High-Molecular  Compounds],  Moscow-Len- 
Irgrad,  19^5;  Borodina,  I.V. ,  Nikitin,  A.K. ,  Tekhnicheskiye  svoystva 
sovetskikh  sintefcicheskikh  kauchukov  [Technical  Characteristics  of  So¬ 
viet  Synthetic  Rubbers],  Leningrad -Moscow,  1952;  Kargin,  V.A.,  Slonim- 
skiy,  G.L. ,  Kratkiye  ocherki  po  fizikokhimii  polimerov  [Brief  Outline 
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of  the  Physical  Chemistry  of  Polymers],  Moscow,  I960;  Nemetalliches- 
kiye  materialy  i  ikh  primeneniye  v  aviastroyenii  [Nonmetallic  Mater¬ 
ials  and  Their  Application  in  Aircraft  Building],  edited  by  I,P.  Losev 
and  Ye. B.  Trostyanskaya,  Moscow,  1958. 

F.Ye.  Pradkina 
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FTORLON  —  is  a  synthetic  fiber  developed  in  the  USSR.  A  fluorine 
polymer  soluble  in  acetone  is  the  raw  material.  Ptorlon  is  manufactured 
from  acetone  solutions  by  the  wet  method.  The  specific  properties  of 
Ftorlon  are:  high  resistance  to  aggressive  chemical  reagents  (concen¬ 
trated  nitric  acid,  hydrogen  peroxide,  etc.),  at  temperatures  up  to 
120°;  high  strength,  high  initial  modulus,  and  lightproof ness;  incom¬ 
bustibility  and  flameproofness,  water- repellency,  high  specific  gravity, 
and  a  relatively  low  heat  resistance  (up  to  120°).  The  fiber  is  pro¬ 
duced  in  the  form  of  a  noncolored  or  colored  filament  thread  with  di¬ 
verse  general  and  elementar  numbers.  Details  see  Fiber  from  fluorine- 
containing  polymers. 

References:  Zasulina,  Z.A. ,  Yakovleva,  1. 1.  and  Rogovin,  Z.A., 

"  Nauchno-issled.  tr.  Mosk.  tekstil'n.  in-t"  [Scientific  Research  Trans¬ 
actions  of  the  Moscow  Textile  Institute],  1956,  Vol.  18;  Zazulina,  Z.A., 
Marts inkovskaya,  R.N. ,  Rogovin,  Z.A.,  "Tekstil'naya  promyshlennost' ," 
1957,  No.  5;  Dodonov,  N.T. ,  Zasulina,  Z.A. ,  ” Khimicheskaya  promyshlen- 
nost',"  i960.  No.  4. 

Z.A.  Zasulina 
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FUNGUS  RESISTANCE 


see  Biological  Resistance. 
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BURPURAL-PURYL  RESINS  —  are  thermosetting  resins  obtained  from 
furfural  or  furyl  alcohol,  possessing  a  high  heat  resistance,  incombus¬ 
tibility  and  waterproofness.  The  furfural-furyl  resins  cure  at  higher 
temperatures  and  possess  a  higher  heat  resistance  and  alkaliproofness 
than  the  phenolic  thermosetting  plastics. 

The  furfural-acetone  resin  is  one  of  the  basic  furfural-based  re¬ 
sins,  Furfural-acetone  monomer  is  a  high-boiling  dark  cherry-red  li¬ 
quid  which  forms  a  solid  thermosetting  resin  at  normal  and  raised  tem¬ 
peratures  under  the  effect  of  acid  curing  agents.  Benzene-sulfonic  acid, 
phosphoric  acid,  etc.,  are  used  as  curing  agents.  Furfural-acetone  mon¬ 
omer  is  totally  soluble  in  acetonej  the  Ostwald  viscosity  is  not  high¬ 
er  than  30  centipoises;  the  moisture  content  is  not  higher  than  2%, 
the  rate  of  polymerization  with  3#  benzenesulfonic  acid  at  170-180°  is 
30-110  sec;  the  specific  gravity  is  not  lower  than  1.08.  Furfural-ace 
tone  monomer  is  used  for  the  production  of  heat  resistant  varnishes 
and  Impregnations,  of  noncombustible  wood  and  of  plates  made  from  wood 
shavings,  and  also  for  the  production  of  mineral-organic  cement-less 
concrete  (plastic  concrete). 

The  solid  furfural-acetone  resin  FA-15  (drop  point  80-120°  accord¬ 
ing  to  Ubbelohde)  is  a  regulator  of  the  curing  rate  of  phenol-formal¬ 
dehyde  novolac  resins. 

The  liquid  furfural-phenol  resins  FM-3  and  JM-4  possess  good  ad¬ 
hesive  properties,  heat  resistance,  and  resistance  to  alkaline  emul¬ 
sions;  they  are  used  as  a  binder  in  the  manufacture  of  abrasive  cloths. 
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TABLE  1 

Properties  of  Adhesives 
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Tne  modified  and  nonmodifled  PL-2,  PL-1,  fl-4,  p-io,  and  FL-4s 
•uryl  alcohol-base  resins  are  used  as  varnishes  for  anti-corrosion 
coatings,  for  the  preparation  of  hot-drying  cements  (for  metals,  con¬ 
crete,  and  other  materials),  and  also  of  hot-curing  anti-corrosion  ad- 
hesives. 

FL-2  is  used  as  a  binder  in  the  manufacture  of  electric  carbonsj 
FL-1,  PL-4,  and  P-10  are  used  as  anti-corrosion  adhesives  or,  with  and 
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without  fillers,  as  coatings.  Graphite,  asbestos,  and  other  materials 
are  used  as  fillers.  The  furfural-phenol-formaldehyd  resins  cure  on 
heating  at  150-160®,  or  in  the  cold  with  addition  of  acid  catalysts. 
These  adhesives  adhere  well  to  metal,  glass,  concrete,  wood,  and  plas¬ 
tics;  they  are  resistant  to  water.,  kerosene,  gasoline,  oils,  solutions 
of  mineral  salts,  and  to  a  number  of  organic  solvents;  they  resist 
bases  containing  fluorine  in  low  concentrations,  but  they  do  not  resist 
oxidizers.  The  FL-1  adhesive  and  coatings  based  on  it  are  stable  in 
weakly  alkaline  and  in  acid  media;  FL-4  is  stable  in  alkaline  and  in 
weakly  acid  media,  F-10  in  acid  and  weakly  alkaline  media.  The  furyl  ad¬ 
hesives  FL-1  and  FL-4  retain  their  applicability  for  a  long  time  in 
the  working  temperature  range  of  — 60°  to  +100° . 

Films  of  the  FL-4  and  F-10  adhesives  possess  good  electrical  in¬ 
sulating  properties,  they  virtually  do  not  change  in  moist  atmosphere 
and  at  temperatures  of  the  order  of  100®,  they  are  highly  waterproof 
and  may  be  used  under  water. 

FL-4s  adhesive  readily  runs,  and  is  used  to  tighten  adhesive  and 
electric  spot-welded  steel  and  aluminum  joints  which  undergo  a  subse¬ 
quent  anodization;  the  adhesive  does  not  swell  during  curing  in  thick 
layers,  it  resists  acid  and  alkaline  anodization  media,  and  it  is  used 
at  temperatures  between  ±60®  and  also  for  bonding  metals  and  nonmetals. 
The  properties  of  the  adhesives  are  quoted  in  Table  1,  and  those  of  the 
films  in  Table  2. 

References:  Itinskiy,  V.I. ,  Kamenskiy,  I.V. ,  Oster-Volkov,  N.N. , 
Organo-mineral’nyy  bestsementnyy  beton  [Mineral-organic  Cement-less  Con¬ 
crete],  " Plastlcheskiye  massy,"  i960.  No.  6,  pages  19-22;  Petrov,  G.S., 
Fiskina,  R.Ya. ,  Termoreaktivnyye  smoly  na  osnove  furilovogo  spirta  i 
ikh  primenenlye  v  promyshlennostl  [Thermosetting  Furyl  Alcohol-Base 
Regins,  and  Their  Application  in  Industry],  in  the  Collection:  Issledov- 
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anlya  v  oblast i  termoreaktlvnykh  plastmass  [Investigations  In  the 
Field  of  Thermosetting  Plastics],  Moscow,  pages  31-44;  Fisklna,  R.Ya. , 
Novyye  slntetlchesklye  klslotoshchelochestoyklye  klel  s  vysoklml  die- 
lektrlcheskimi  svoystvaml  [New  Synthetic  Acid-  and  Alkaliproof  Adhe¬ 
sives  with  High  Dielectric  Properties],  in  the  Collection:  Novyye 
slntetlchesklye  laki  1  klel  [New  Synthetic  Varnishes  and  Adhesives], 
Moscow,  1961  (Mosk.  dom  nauchno-tekhn.  propagandy  lm.  Dzerzhlnskogo 
[Moscow  Dzerzhinskly  House  for  Scientific  and  Technical  Propaganda]), 
Collection  No.  5- 

M.S.  Krol' 
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[Transliterated  Symbols] 


®A  =  FA  *  furfurol* -atsetonovaya  =  furfural-acetone 


1662  HMMJIK  =  NIILK  =  Nauchno-issledovatel' skiy  institut  lakokras- 

ochnoy  promyshlennosti  =  Scientific  Research 
Institure  of  the  Paint  and  Varnish  Industry 
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GAGARIN'S  PRESS  -  universal  machine  for  tension,  compression  and 
flexure  testing.  It  is  distinguished  by  a  screw-type  loading  mechanism 
and  a  lever-type  force-measuring  device.  The  maximum  load  of  the  press 
is  5000  kg.  A  peculiar  feature  is  an  automatic  diagram  apparatus  that 
draws  curves  in  the  "absolute  deformation-load"  coordinates  on  a  large 
scale.  The  values  of  the  ultimate  strength  determined  by  the  Gagarin's 
press  diagram  and  from  the  indications  of  force -measuring  devices  of 
other  testing  machines  are  in  good  agreement.  The  error  in  determining 
the  yield  strength  by  the  Gagarin's  press  diagram  can  reach  for  certain 
materials  (for  example,  high-strength  strength  steel,  various  copper 
alloys,  etc.)  quite  substantial  values  (10-20$).  With  the  appearance 
of  Gagarin's  press  use  was  first  made  of  small  (so-called  Gagarin) 
specimens  3-6  mm  in  diameter  for  mass  testing.  At  present  Gagarin's 
press  is  replaced  by  more  modem  machine  (for  example,  IM-4,  IM-12  de¬ 
signed  by  the  TsNIITHash).  Gagarin's  press  was  designed  by  the  Russian 
engineer  A.  G.  Gagarin  in  1896  and  was  awarded  a  gold  medal  at  the  Inter¬ 
national  Exposition  in  Chicago  (1906). 

References:  Shaposhnikov,  N.A. ,  Mekhanicheskiye  lspytaniya  metallov 
[Mechanical  Testing  of  Metals],  2nd  edition,  Moscow- Leningrad,  1964. 

I.  V.  Kudryatsev,  D.M.  Shur 
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GALEHA  —  (lead  glance)  -  a  mineral,  lead  sulfide  PbS,  contains  ad¬ 
mixtures  of  Ag,  Zn,  Cd,  Sb,  Bi,  Cu,  In,  Tl,  Au,  Pt,  etc.  Crystallizes 
in  the  cubic  system.  Is  encountered  in  the  form  of  coarsely  crystalline 
and  fine  grained  masses,  frequently  in  the  form  of  cubic,  lees  fre¬ 
quently  In  the  form  of  octahedral  crystals.  Structure  of  the  type  of 
common  salt.  Color  lead  gray,  metallic  luster.  Mohs  hardness  2-3,  spe¬ 
cific  gravity  7*^-7. 6,  complete  cleavagebility  along  the  cube.  Is  solu¬ 
ble  in  nitric  acid,  tjj.  1112°.  The  electric  conductivity  of  galena  in¬ 
creases  with  an  increase  in  temperature,  but  at  temperatures  above  300* 
it  drops  sharply.  It  is  diamagnetic,  exhibits  positive  and  negative 
photoelectric  effects.  3alena  Is  found  primarily  in  hydrothermal  de¬ 
posits:  Altay,  North  Caucasus,  Kazakhstan,  Eastern  Siberia  (USSR),  the 
state  of  Missouri  (USA),  Broken  Hill  (Australia),  etc.  Galena  is  a 
major  lead  ore  from  which  silver  is  extracted  concurrently.  It  is  par¬ 
tially  processed  for  obtaining  white  lead  pigments,  glaze,  etc.  Detec¬ 
tors  are  made  from  galena  crystals  which  give  a  negative  photoeffect. 

References:  Mineraly  [Minerals].  A  handbook,  Vol.  1,  edited  by 
F.  V.  Chukhrov,  Moscow,  i960;  Betekhtln,  A.G. ,  Mineraloglya  (Mineralogy). 
Moscow,  1950. 

T.K.  Sukhushlna 
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GAMMA-RAY  FLAW  DETECTION  -  inspection  of  products  by  gamma- ray  lr 


radiation.  It  Is  used  in  shipbuilding,  metallurgy,  construction  of  pe¬ 
troleum  and  gas  pipelines,  etc.  Artificially-produced  radioactive  iso¬ 
topes  are  used  as  gamma-ray  sources.  Gamma-ray  flaw  detection  has  in  a 
number  of  cases  substantial  advantages  over  other  method  of  nondestruc¬ 
tive  testing,  but  it  requires  protection  from  the  harmful  biological 
effect  of  the  radiation.  The  gamma- radiation  source  is  placed  at  a 
specified  distance  (focal  distance)  from  the  article  being  inspected. 


Pig.  1.  Gamma  radiograph  of 
a  welded  seam  section  with 
poor  penetration,  slag  in¬ 
clusions  and  pore  accumula¬ 
tions. 


while  a  device  for  recording  this  radia¬ 
tion  is  placed  at  its  other  side.  Gamma- 
ray  flaw  detection  is  based  on  the  de¬ 
pendence  of  gamma- radiation  attenuation 
on  the  density  of  the  absorbing  medium. 
Section  of  the  product  being  inspected 
(of  the  density  disturbance  type)  attenu¬ 
ate  the  radiation  flux  to  a  lesser  extent 
than  sections  without  flaws.  The  change 


in  the  intensity  of  radiation  which  passes  through  the  different  sec¬ 


tions  of  an  article  is  recorded  by  an  intensity  indicator,  which  makes 
it  possible  to  Judge  about  the  quality  of  the  article.  Depending  on  the 
type  of  indicator  used,  a  distinction  is  made  between:  gaaaa-ray  radio¬ 


graphy  (where  the  indicator  is  a  special  x-ray  film). 


(xerox  plate,,  which  loses  its  electrical  charge  due  to  the  radiation  ef¬ 


fect),  visual  method  (a  screen  which  luminesces  due  to  the  radiation). 


ionization  method  (various  electrical  indicators  which  transform  the 
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intensity  into  electrical  signals  proportional  to  it).  See:  Xerographic 
X-Ray  and  Gamma- Ray  Flaw  Detection,  Visual  Method  of  X-Ray  and  Gamna- 
Ray  Flaw  Detection. 


Fig.  2.  Ganiina  radiograph  of 
an  assembled  switch  (a 
break  in  a  current-feeding 
wire  can  be  seen). 

References:  Tatochenko,  L. K.  and  Medvedev,  S.  V.  Promyshlennaya  gam¬ 
ma- defektoskopiya  [Industrial  Gamma- Ray  Flaw  Detection],  Moscow,  1955; 
Sokolov,  V.  S.  Defektoskopiya  materialov  [Flaw  Detection  of  Materials]. 
2nd  edition,  Moscow-Leningrad,  I96I;  Rumyantsev,  S. V.  and  Grigorovich, 
Yu.A. ,  Kontrol'  kachestva  metallov  gamma-luchami  [Quality  Control  of 
Metals  by  Gamma-Rays].  Moscow,  1954;  Rumyantsev,  S.  V. ,  Primeneniye 
radioaktivenykh  izotopov  v  defektoskopii  [The  Use  of  Radioactive  Iso¬ 
topes  in  Flaw  Detection].  Moscow,  i960. 

L. K.  Tatochenko 
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GARNET  -  mineral  of  the  orthosilicate  group  with  isolated  SiO^ 
tetrahedra  in  the  crystal  structure.  It  occupies  the  seventh  place  with 
respect  to  natural  prevalence.  The  general  formula  is  R^R^SiO^]^, 
where  R^  is  Mg,  Fe",  Mn"  and  Ca,  and  R^  is  Al,  Fe",  Cr,  Ti.  Usual  admix, 
tures  are  Na20,  KgO,  P205'  V2°3*  Zr02*  somebimes  Se»  less  frequently 
others.  Luster  oily,  glassy  to  adamandine,  white  streaks,  uneven  frac¬ 
ture.  Garnet  is  frequently  present  as  a  neogene  in  crystal  shales.  Can 
be  also  obtained  artificially.  The  main  forms  of  garnet  are  a  part  of 
two  isomorphous  series:  adamandite  and  andradite  (Table). 

TABLE 

Main  Forms  of  Garnet 
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1)  Isomorphous  series;  2)  name  of  mineral;  3)  formula;  4)  specific 
weight;  5)  Mohs  hardness;  6)  colot;  ?)  light  refraction  index;  8)  solu¬ 
bility  in  HC1;  9)  adamandite;  10)  adamandine;  11)  red.  violet,  brown; 
12)  is  soluble  after  calcining:  13)  same  as  above;  14)  pyrope;  15} 
blood  red;  16)  spessartine;  1?)  light-yellow  to  cinnamon  brown;  lo) 
andradite;  19)  glossularite  (essonite,  hessonite);  20)  pale-green,  cin¬ 
namon  brown;  21)  andradite;  22)  light-green  to  black;  23)  shlorlomlte; 
24)  black;  25)  uvarovite;  26)  emerald  green;  27)  is  not  soluble. 


Among  the  intermediate  varieties  we  find:  rhodolite,  dem&ntoid, 
chrysolite,  melanite,  topazolite,  aplomo.-  illochroite,  romantsovite, 
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colophonite,  polydelphite,  etc.  The  main  user  of  garnet  (primarily  of 
adamandite,  less  frequently  of  rhodolite,  spessartine  and  andradlte)  is 
the  abrasives  industry  (sandpaper  for  polishing  of  wood,  leather,  rub¬ 
ber,  plastics  and  powders  for  glass  polishing).  Transparent,  intensely 
colored,  flawless,  pure  crystals  of  pyrope,  adamandite,  melanite,  uva- 
rovite,  hessonite  and  chrysolite  are  used  in  the  making  of  jewelry.  The 
same  almandite  and  pyrope  crystals  are  used  in  nonprecision  instrument 
making  as  industrial  jewels,  replacing  the  more  expensive  sapphire  and 
ruby,  in  the  production  of  ceramic  floor  tiles.  It  has  a  new  use  in 
electronics  (synthetic  garnet)  as  an  effective  replacement  of  titanates 
in  radar  and  other  microwave  installations. 

References:  Betekhtin,  A.  G.  Kurs  mineralogii  [A  Course  in  Minera¬ 
logy]*  3rd  edition,  Moscow,  I96I;  Chernosvitov,  Yu. L. ,  Granat  [Garnet] 
in  the  book  Nemetallicheskiye  Iskopayemyye  SSSR  [Nonmetal  Minerals  of 
the  USSR],  Vol.  5,  Moscow- Leningrad,  1941;  Trebovaniya  promyshlennosti 
k  kachestvu  mineral'nogo  syr'ya  [Industrial  Requirements  Put  to  the  Qua¬ 
lity  of  Mineral  Raw  Materials],  Issue  3;  Chernosvitov,  Yu. L.  Granat 
[Garnet],  Moscow-Leningrad,  1S*c2;  "Electronics,"  Vol.  30,  No.  6b,  1957. 


Yu.  L.  Chernosvitov 
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GAS  CORROSION  OF  METALS.  The  majority  of  gases  and  gaseous  media 
in  technology  interact  with  metal  and  alloys  at  high  temperatures.  The 
interaction  of  metals  and  alloys  with  atmospheric  oxygen  is  most  exten¬ 
sively  studied.  Below  we  consider  the  effect  of  gaseous  media  on  the 
corrosion  of  the  iron  group  of  metals,  and  of  stainless  and  high-tem¬ 
perature  oxidation  resistant  steels  and  alloys.  The  corrosion  of  Ti,  Nv, 
V,  Mo,  W  and  other  metals  is  considered  in  articles  about  these  metals. 

Gas  corrosion  in  an  atmosphere  of  oxygen.  Figure  1  shows  oxidation 


Fig.  1.  High-temperature  corrosion  resistance  of 
iron,  nickel,  cobalt,  chromium  and  copper  at  dif¬ 
ferent  temperatures,  a)  In  oxvgen;  b)  in  carbon 
dioxide;  c)  in  water  vapor;  d)  in  sulfur  dioxide. 
1)  Increase  in  weight  in  mg/cm2;  3)  medium  -  0 2; 
4)  medium  -  steam;  5)  medium  —  S02;  6)  test  tem¬ 
perature,  °C.  ~ 


curves  for  pure  Fe,  Ni,  Co,  and  also  for  Cr  and  Cu  in  various  gaseous 
media  at  high  temperatures.  They  attest  to  the  fact  that  all  the  above 
metals,  with  the  exception  of  Cr  and  Ni,  are  intensely  oxidized  at  high 
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temperatures  in  oxygen,  carbon  dioxide,  water  vapor  and  sulfur  dioxide 
atmospheres.  The  introduction  of  chromium  into  iron,  nickel,  cobalt  or 
steel  increases  their  resistance  to  oxidation;  here  the  high-tempera¬ 
ture  corrosion  resistance  of  steels  is  the  higher,  the  higher  their 
chromium  content.  Steel  with  10-13#  Cr  is  oxidation  resistant  up  to 
750°,  with  17#  Cr  it  is  up  to  800-900°  and  with  25#  up  to  1100°. 

A  similar  effect  is  exerted  by  aluminum  and  silicon,  the  addition 
of  which  to  chromium  and  chromium-nickel  steels  increases  their  high- 
temperature  corrosion  resistance  even  more.  The  high-temperature  cor¬ 
rosion  resistance  of  steel  and  alloys  depends  on  the  chemical  composi¬ 
tion  and  the  protective  effect  of  the  oxide  films  which  are  formed  on 
the  metal  surface  in  the  process  of  oxidation,  that  is,  on  the  melting 
temperature  of  the  oxides,  the  ratio  of  the  oxide  volume  VmQ  to  the  me¬ 
tal  volume  V  ,  which  was  used  up  in  oxidation. 

When  V  /V  >  1,  very  dense  films,  which  reliably  protect  the  me¬ 
tal  from  further  oxidation,  may  form  on  its  surface.  The  rate  of  oxida¬ 
tion  of  the  metal  in  this  case  is  most  frequently  governed  by  the 

p 

parabolic  law:  x  =  Kt  (x  is  the  film  thickness,  t  is  the  time  ar.d  K 
is  a  constant).  If  the  volume  ratio  is  less  than  unity,  the  the  films 
which  are  formed  on  the  metal  surface  do  not  possess  protective  proper¬ 
ties,  they  are  very  loose  and  porous.  The  rate  of  oxidation  of  metals 
in  this  case  is  very  high  and  is  frequently  governed  by  the  linear  law, 
that  is,  x  -  Kt. 

The  formation  on  metal  and  alloy  surfaces  of  refractory  oxide  films 
which  cling  tightly  to  the  metal  and  which  interfere  with  two-direct- 
ional  diffusion  of  metal  and  oxygen  atoms,  promotes  increasing  the  high- 
temperature  corrosion  resistance.  The  majority  of  metals:  Fe  (to  570°), 
Cr,  Ni,  A1  and  others,  form  nonvolatile  oxides  which  cling  tightly  to 
the  metal  surface  and  reliably  protect  the  metal  from  further  oxidation 
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(Fig.  2).  However,  a  number  of  elements  exist  which  act  negatively  on 
the  high-temperature  corrosion  resistance  of  chromium  and  chromium- 
nickel  steels.  The  high-temperature  corrosion  resistance  is  reduced 
most  highly  by  V,  Mo  and  B  (Fig.  3).  The  negative  effect  of  these  ele¬ 
ments  begins  to  be  felt  starting  with  a  certain  concentration  of  the 
above  in  steel,  which  is  due  to  the  formation  of  unstable  oxide  films 
or  low-melting-temperature  and  volatile  oxides  on  the  steel  surfaces. 
Thus,  for  example,  addition  of  Mo  to  steel  aids  in  the  formation  on  the 
metal  surface  of  volatile  oxides  (moO^,  melting  temperature  790°), 
which  disturb  the  continuity  of  protective  oxide  films  and  aid  in  ac- 


Fig.  2.  Effect  of  nickel,  aluminum  and  silicon  on  the  high- temperature 
corrosion  resistance  of  the  iron-chromium  alloy  at  various  temperatures. 
1)  Corrosion  rate,  cm/year j  2)  weight  losses,  g/m2-hour. 


Fig.  3.  Effect  of  vanadium  on  the  high- temperature  corrosion  resistance 
of  chromium- nickel  steel  of  type  20-20  at  1000°  and  test  duration  of  50 
hours. 


celerated  oxidation  of  the  alloy.  In  the  presence  of  V  low-melting  tem- 


Hill 
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perature  oxide  films  are  formed  (V20^,  melting  temperature  79O0 ),  which 
promote  accelerated  transfer  of  the  metal  and  oxygen  atoms  through  the 
oxide  film,  that  is,  accelerated  oxidation  of  the  metal.  Boron  also 
forms  low-melting  temperature  oxide  films  on  the  surface  of  steel. 

Several  oxides  are  formed  on  the  surface  of  multiple-component  al¬ 
loys.  Certain  data  on  the  melting  and  sintering  temperatures  of  the  ox¬ 
ide  are  given  in  Table  1. 

Iron  oxides,  which  have  a  relatively  low  sintering  temperature, 
have  a  high  affinity  to  self-diffusion  and  to  diffusion  of  elements 
through  them.  In  conjunction  with  this,  they  poorly  protect  the  metal 
from  oxidation  at  higher  temperatures. 

TABLE  1 

Density,  Melting  Points 
and  Sintering  Tempera¬ 
tures  of  Individual  Ox¬ 
ides  and  Silicates 


OopMy.’ia  ^ 

V 

1(.'  rM ') 

3  ToiKa 
nna.jie- 
II Mil  CO 

Hasa.ro 

cneKaMKM 

CO  4 

FeO 

5.9 

137? 

720 

Fe,0. 

5,2 

1527 

810 

5.2 

1565 

840 

Cr.O, 

5.2 

2275 

1260 

SIO, 

2. 2-2. 6 

1700 

880 

*1,0, 

3.9 

2050 

1160 

2FeO  SIP, 

— 

1205 

615 

MnO  SIO, 

— 

1270 

655 

1)  Formula;  2)  g/cm^h  3) 
melting  point  ("'C);  4)  on¬ 
set  of  sintering  (6C). 


It  was  established  by  study  of  the  structure  of  oxide  fiLms  of 
high-temperature  corrosion  resistant  steels,  containing  Cr,  A1  or  Si, 
that  protective  oxides  of  these  elements  are  contained  primarily  in  the 
internal  layer  of  the  scale,  which  is  in  direct  contact  with  the  steel 
surface.  The  transition  layer  between  the  oxide  layer  and  the  metal  en¬ 
sures  reliable  binding  of  the  metal  with  the  scale  and  increases  the 
high-temperature  corrosion  resistance.  3  udy  of  films  of  high-tempera¬ 
ture  corrosion  resistant  steels  and  alloys  has  established  that  most 
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frequently  these  films  are  formed  in  the  form  of  double  oxides  with  the 
structure  of  spinels  such  as  FeOMegO^  or  FegOyMeO.  Films  with  this 
structure  have  high  protective  properties,  particularly  in  the  case 
when  the  alloying  element  which  they  contain  has  a  smaller  ionic  radius 
and  thus  reduces  the  lattice  parameters  of  the  oxide.  Oxides  with  a 
densely  packed  lattice  exert  a  greater  resistance  to  the  diffusion  of 
elements  with  a  larger  radius  of  oxygen  and  metal  ions  and  thus  reduce 
the  oxidation  rate.  According  to  investigations  by  Dankov  and  Kornilov, 
the  oxide  film  which  is  in  direct  contact  with  the  surface  of  high- 
chromium  steels,  has  a  structure  of  a  spinel  such  as  FeOCrgO^,  while 
the  external  layer  consists  of  a  solid  solution  of  (FeCrJgO^  oxides  of 
the  a-modification. 

Vuestite  (FeO)  provides  a  poorer  oxidation  protection  of  the  metal 
surface,  since  it  has  a  defective  lattice,  due  to  which  the  diffusion 


TABLE  2 

Crystal  Lattice  Periods  for  Spinel- 
Type  Oxide  Phases 


Eg 

PH 

H 

flap*' 

pnaaraa 

ih  , 

1 

T»n 

oftacm 

0KB3H1M 

«aau 

* 

flsna- 

MtTp 

ptarnca 

(*>  j 

Vntnn 

F»,0, 

(.32 

Ha  ocaoaa 

FaO-cr.O. 

#  OffNCAU 
MCTtAJloa 

A1.0, 

0,0, 

7,»0 

7.74 

FtO  j 

7(041,0, 

Feo- v,o, 

FeO  Fe.O, 

».i» 

I.4U 

(.31 

Ml  OCHOM 

MnO  Fe,0, 

1.37 

Oitacjiu 

CoO  cr,0, 

1.33 

»  *».0, 

TIO  F#,0. 

CuO‘F«tOj 

CoO  F*,0, 
NIOFt.O, 

(.40 

1.44 

(.17 

1.34 

Mmjum 

7 

MO  Cr.O. 

2|0  *1,0. 

(.31 

(.07 

1)  Oxide  typej  2)  oxide  Dhases;  3} 
lattice  parameter  (A);  4)  pure  oxides 
of  metals j  5)  with  FeO  as  a  base;  6) 
with  FegOj  as  a  basej  7)  oxides  of 
other  metals. 

of  iron  or  oxygen  atoms  is  accelerated.  The  introduction  of  alloying 
elements  into  iron  alloys  reduces  the  formation  of  wuestlte -type  struc¬ 
ture  oxides  on  their  surface  and  aids  in  the  formation  of  spinel-type 
structure  oxides. 


1675 


I-4gb 


Gas  corrosion  In  an  atmosphere  of  nitrogen.  It  is  Known  that  dilu¬ 
tion  of  oxygen  by  nitrogen  reduces  the  rate  of  oxidation  of  metals,  al¬ 
though  nitrogen  also  interacts  with  iron,  stainless  steels  and  high- 
temperature  corrosion  resistant  alloys  at  high  temperatures.  However, 
the  rate  of  interaction  between  metals  and  nitrogen  in  the  air  is  sub¬ 
stantially  lower  than  the  rate  of  interaction  with  oxygen.  Alloys  con¬ 
taining  Cr,  Al,  Ti  and  Be  form  nitrides  at  high  temperatures  (500°  and 
above)  which  is  extensively  utilized  in  the  nitriding  of  products.  Ad¬ 
mixtures  of  Mo,  V  and  Ti  have  a  favorable  effect  on  nitrogen  absorption 
by  steel,  while  admixtures  of  Ni  have  the  opposite  effect. 

This  peculiar  feature  of  high-nickel  steels  is  used  extensively  in 
the  making  of  nitriding  furnace  fittings,  since  high  resistance  to  ni¬ 
trogen  saturation  is  needed  to  prevent  brittle  failure  of  apparatus  dur¬ 
ing  extended  operation.  At  moderate  temperatures  atomic  nitrogen  reacts 
strongly  with  the  metal,  while  the  molecular  atmospheric  nitrogen  is 
inactive  and,  as  a  rule,  it  is  not  absorbed  by  the  majority  of  alloys. 

A  different  situation  is  observed  at  higher  temperatures,  when  the 
nitrogen  becomes  more  active.  For  example,  type  15-25>  25-20  and  18-20 
chromium-nickel  steels  wnich  are  quite  inert  to  nitrogen  absorption  at 
moderate  temperatures,  when  heated  to  above  1000°  absorb  nitrogen  which 
forms  nitrides  in  them.  Increasing  the  chromium  content  in  iron  in¬ 
creases  the  nitrogen  absorption  capacity.  The  formation  of  nitrides  re¬ 
duces  the  Cr  content  in  the  solid  solution  and  reduces  the  oxidation  re¬ 
sistance  of  the  alloy.  Nitrides  of  Cr,  which  have  a  different  linear 
expansion  coefficient  than  the  .olid  solution  and  which  frequently  are 
located  along  the  grain  boundaries,  sharply  rodu'  c  the  high-terperature 
corrosion  resistance  of  the  alloy,  particularly  when  the  components  work 
under  conditions  of  frequent  temperature  manges.  In  iron-chromium  al¬ 
loys,  the  nitrogen*  Penetrating  the  alloy,  precipitates  acicular  ni- 
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t rides  the  appearance  of  which  is  followed  by  the  fortatior.  of  au.  ten- 
ite  fields. 

Gas  corrosion  in  an  atmosphere  of  furr.ace  cases.  Gaseous  media 
which  are  formed  on  combustion  of  various  Kinds  of  coal,  liquid  and 
gaseous  fuels  (oil,  gasoline,  producer  gas,  lighting  gas)  always  con¬ 
tain  carbon  dioxide,  water  vapor,  oxygen  and  sulfur  dioxide.  In  incom¬ 
plete  combustion  of  fuel  carbon  monoxide,  carbohydrates,  hydrogen  sul¬ 
fide  and  other  carbon  compounds  (in  the  form  of  carbohydrates)  are  also 
present  in  addition  to  carbon  dioxide  and  water  vapor.  The  high- temper¬ 
ature  corrosion  resistance  of  metals  depends  on  the  gas  composition 
(Pig.  1).  Chromium  has  the  best  resistance  to  gas  corrosion  at  high 
temperatures  in  the  above  media.  Co  and  Ni  exhibit  a  very  low  corrosion 
resistance  in  sulfur  dioxide;  here  the  corrosion  maximum  for  Ni  ensues 
at  800°.  At  700°  and  above  pure  iron  is  highly  destroyed  by  gas  corro¬ 
sion  in  all  media.  High-alloy  chromium  and  chromium-nickel  steel  exhi¬ 
bit  a  higher  resistance  to  corrosion  in  all  media;  here  no  great  dif¬ 
ference  was  discovered  in  these  steels  with  respect  to  the  composition 
of  the  gaseous  medium.  Nickel  steels  and  Nichrome  have  showed  a  sharp 
drop  in  corrosion  resistance  in  sulfur  dioxide;  here,  unlike  nickel  the 
corrosion  resistance  decreases  with  an  increase  in  temperature.  The  at¬ 
mosphere  of  a  furnace  which  contains  an  appreciable  amount  of  water  va¬ 
por  and  carbon  dioxide  or  sulfur  dioxide,  acts  more  intensely  than  a 
pure  air  atmosphere. 

When  fuel  is  burned,  sulfur  burns,  in  an  oxidising  atmosphere  It 
is  contained  in  the  products  of  fuel  corbustion  in  the  fora  of  sulfur 
dioxide  while  In  a  reducing  atmosphere  it  may  be  in  the  form  of  hyd* 
gen  sulfide.  Sulfur  has  a  particularly  strong  effect  on  Ni,  Co  and  a  - 
loys  containing  these  elements.  Ni  and  its  alloys,  absorbing  sulfur 

from  the  furnace  atmosphere,  became  entirely  brittle  as  a  result  i 
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formation  of  low-melting- temperature  sulfides  along  the  grain  boundar¬ 
ies,  which  weaken  the  bond  bond  between  tlum  (Fig.  4).  Many  sulfides 


TABLE  3 

Melting  Temperature  of 
Sulfur  Compounds  of 
Metals 


C.oOAHmmiH* 

tlJI.  Q 
<"C)  £ 

CnejUljH'llHC 

tui.  O 

rn  c 

LiijSj 

2!«o 

Na-S 

9  7H 

co.s , 

2UIHI 

NiS 

810 

ZnS 

1800 

NI.S. 

737 

M11S 

325—1620 

K,S 

471 

Ki‘S 

1197 

Ah-S 

nor. 

Mi.S 

1184 

MiiO  -  M11S 

11140 

C'uS 

1130 

FcS  —  M  i*S 

1181 

PIS 

1111! 

Kt’O  —  FrS 

040 

CoS 

1100 

Ft*  -  FeS 

935 

AI.S, 

ltoo 

Ni-NIS, 

625-645 

1)  Compound;  2)  t  p  (°C). 


Fig.  4.  Destruction  of  type  18-25  chromium-nickel  steel  (2.5 %  Si)  by 
sulfur  corrosion  after  being  heated  for  200  hours  at  1000°  in  an  atmos¬ 
phere  of  products  of  combustion  of  lighting  gas  with  an  admixture  of  2% 
of  S02. 


of  metals,  which  are  contained  in  high-temperature  with  the  exception 
of  nickel  sulfides.  However,  the  melting  temperature  of  these  sulfides 
can  decrease  sharply  should  they  interact  with  the  metal  or  its  oxides 
(Table  3)  with  attendant  formation  of  low-melting-temperature  eutectics. 
These  eutectics  are  precisely  responsible  for  the  reduction  of  corrosion 
resistance  of  alloys  at  high  temperatures.  The  melting  temperature  of 
iron  sulfide,  which  is  1197°,  drops  to  985°  attendant  to  the  formation 
of  an  eutectic  from  iron  and  iron  sulfide.  The  eutectic  from  iron  oxide 
and  iron  sulfide  melts  aA  940°.  A  low-melting-temperature  eutectic, 
consisting  of  nickel  and  nickel  sulfide,  melts  at  about  645°. 

The  corrosion  resistance  of  chromium-nickel  high-temperature  corro¬ 


sion-resistant  steels  :.u  sulfur  dioxide  atmospheres  depends  highly  on 
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the  Cr:Ni  proportion  in  the  steel.  When  the  Ni  content  in  the  steel  is 
higher  than  that  of  Cr,  it  is  susceptible  to  destruction  by  gas  corro¬ 
sion  along  the  grain  boundaries  due  to  formation  of  a  sulfide  eutectic. 
Sulfur- containing  gases  exert  a  lesser  influence  on  the  high-tempera¬ 
ture  corrosion  resistance  in  an  oxidizing  medium  than  they  do  in  a  re¬ 
ducing  medium.  Dense  protective  films  may  form  in  the  oxidizing  medium, 
which  to  a  certain  extent  interfere  with  the  formation  of  sulfides, 
while  in  a  reducing  medium  such  films  are  not  formed  and  for  this  rea¬ 
son  direct  and  faster  formation  of  sulfides  and  their  eutectics  is  ob¬ 
served.  Increasing  the  content  of  Cr  in  its  alloys  with  Pe  or  Ni  in¬ 
creases  their  resistance  to  gas  corroicn  in  a  sulfur- containing  atmos¬ 
phere.  It  is  thought  that  the  protective  effect  of  an  alloy  of  Cr  with 
Pe  in  a  hydrogen  sulfide  atmosphere  is  not  effective  at  high  tempera¬ 
tures,  since  a  low-melting  temperature  eutectic  from  iron  oxides  and 
iron  sulfide,  which  melt  at  9^-0° *  appears.  The  protective  effect  of 
aluminum  is  substantially  higher  than  that  of  chromium.  At  400°  and 
4-50°  an  increased  content  of  A1  in  steels  increases  the  resistance  to 
hydrogen  sulfide.  At  higher  temperatures  this  effect  is  not  unique. 
First  the  resistance  Is  reduced,  and  then  when  more  than  4#  of  aluminum 


a1 
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Fig.  5*  Effect  of  alu¬ 
minum  on  the  corrosion 
resistance  of  iron  in 
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hydrogen  sulfide  at  400- 
600®.  A)  Weight  loss, 
g/m2  hour. 


is  added,  a  substantial  increase  is  observed  (Fig.  5)-  Adding  of  alumi¬ 
num  to  iron  above  800°  does  not  have  a  beneficial  effect.  Sulfide  cor¬ 
rosion  in  this  case  is  frequently  amplified.  Silicon  also  increases  the 
corrosion  resistance  of  high-temperature  corrosion  resistant  steels 
(Fig.  6). 

It  is  noted  that  carburization  has  a  negative  effect  on  the  corro¬ 
sion  resistance  in  a  sulfur-containing  atmosphere.  High- temperature  hy- 
*°i — — — 1 — —  1— r-2 — — 1 — 1  drogen  sulfide  corrosion  is  a  serious 

I 

to - — _ _ L-l _ 

boo-  906 *  problem  in  the  use  of  carbon  and  low-chro- 

,0 - — — —  ^_| - 

“I  * - -  mium  ( 6 %  Cr)  steels  in  the  hydrogenation 

f  *  <  and  dehydrogenation  of  petroleum^  which 

|  ~~ 

€ai  —  -  take  place  under  a  high  pressure  and  at 

a  0  „ 

a?  — % - f— - - b- 

J. _ _  > — high  temperatures.  Corrosion  due  to  hy- 

- !_ 

a0So  1  2  j  4  s  0  1  5*  drogen  sulfide  and  hydrogen  is  accompan- 

Si  %  ^ 

ied  by  the  formation  of  scaly  products  of 

Fig.  6.  Effect  of  silicon 

on  the  corrosion  resistant  corrosion,  wnich  frequently  peel  off 
of  6 %  chromium  steel  in  hy¬ 
drogen  sulfide  at  800°  and  quite  easily.  The  rates  of  corrosion  fail- 
900®.  A)  Weight  loss,  g/m2 

hour.  ure  depend  on  the  steel  compositions  and 

on  the  hydrogen  sulfide  concentration  and  become  higher  with  an  increase 
in  temperature  and  pressure.  Specimens  from  type  18-8-Ti,  ?b-12  and  25- 
20  chromium-nickel  steels  yielded  very  good  results  without  showing 
signs  of  scale  formation.  Good  resistance  to  hydrogen  sulfide  ronosion 
was  exhibited  by  submersion-aluminized  carbon  steel  and  7%  chromium 
steel. 

Gas  corrosion  at  high  temperatures  in  water  vapor.  The  reduction 
effect  of  hydrogen  can  become  an  oxidizing  effect  if  an  insignificant 
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© 

Fig.  6.  Effect  of  silicon 
on  the  corrosion  resistant 
of  6%  chromium  steel  in  hy¬ 
drogen  sulfide  at  800°  and 
9OO®.  A)  Weight  loss,  g/m2 
hour. 


1680 


I-4G10 

amount  of  water  vapor  is  added  together  with  the  hydrogen.  The  equili¬ 
brium  conditions  of  reduction  and  oxidation  of  iron  a*  a  function  of 
the  temperature  in  the  hydrogen- water  vapor  mixture  have  been  studied 
in  sufficient  detail.  Above  800°  the  oxygen  of  dissociating  water  vapor 
is  particularly  aggressive,  and  frequently  failure  is  observed  primari¬ 
ly  along  the  grain  boundaries.  High-alloy  chromium-nickel  steels  and 
alloys  are  very  intensely  oxidized  by  water  vapor,  which  at  high  tem¬ 
peratures  is  partially  dissociated  into  hydrogen  and  oxygen.  At  the 
average  operating  temperatures  of  steam  power  installations  from  200° 
to  500°,  at  which  the  water  vapor  still  does  not  dissociate,  the  super¬ 
heated  water  vapor,  just  like  hydrogen,  has  a  strong  effect  on  metals, 
making  them  brittle. 

It  was  noted  that  stresses  aid  in  the  appearance  of  steam  brittle¬ 
ness,  particularly  in  the  interval  of  400-500°.  Such  steam  brittleness 
was  observed  in  Monel  metal,  in  nickel  and  also  in  type  35-20  nickel- 
chromium  steel,  which  is  used  at  elevated  temperatures  and  high  water 
vapor  pressures.  Iron  and  low-alloy  steels  at  600°  in  superheated 
steam  are  oxidized  by  approximately  a  factor  of  2  more  intensely  than 
in  heated  air. 

Study  of  gas  corrosion  of  metals  in  a  water  vapor  atmosphere  makes 
it  possible  to  establish  that  the  greatest  oxidation  takes  place  during 
the  first  500  hours  (Fig.  7);  hereabout  70#  of  all  the  losses  is  devolv¬ 
ed  upon  weight  losses  during  the  first  100  hours  of  a  2000  hour  test. 
Chromium  has  a  favorable  effect  on  the  resistance  of  steels  to  oxida¬ 
tion  in  a  water  vapor  atmosphere. 

It  is  noted  that,  scale  film  which  forms  in  steam  power  installa¬ 
tions  due  to  gas  corrosion  is  more  loose  than  that  formed  by  oxidation 
in  air.  The  protective  layer  under  water  vapor  conditions  becomes  due 
to  the  sintering  process  only  at  700°  and  800°. 
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Fig.  7.  Effect  of  the  test;  duration  (in  hours)  on  the  depth  of  oxida¬ 
tion  of  carbon  (1,  0. 08#  C)  and  chromium  (3#  4,  7,  8)  steels  with  dif¬ 
ferent  chromium  content  tested  in  a  water  vapor  temperature  at  595°.  A) 
Depth  of  oxidation  in  mm;  B)  test  duration  in  hours. 


Gas  corrosion  at  high  temperatures  in  neutral  and  protective  at¬ 


mospheres.  The  presence  of  gases  containing  hydrogen  and  carbon  and  al¬ 
so  their  mixtures  with  nitrogen  is  of  significance  for  heating  in  a 
protective  atmosphere.  A  distinction  must  be  made  between  gases  which 
act  as  oxidizers,  which  include  carbon  dioxide,  and  gases  which  act  as 
reducing  agents,  which  include  carbon  monoxide  and  hydrocarbons.  As  the 
temperature  is  increased,  carbon  dioxide  has  an  increasingly  higher 
oxidation  effect. 


Stainless  and  heat  resistant  steels  and  alloys  which  contain  chrom¬ 
ium  exhibit  an  entirely  different  character  of  interaction  with  carbon 


dioxide.  While  for  iron,  at  the  constant  ratio  of  partial  pressures 

,  the  oxidation  region  is  replaced  by  a  reducing  region  with  a 
decrease  in  temperature,  for  chrome  a  reduction  in  temperature  means 
replacement  of  the  reducing  region  by  an  oxidizing  region.  It  follows 
from  this  that  the  oxidation  of  chromium  or  chromium  steel  with  Cr,^ 
films  depends  primarily  on  *^e  carbon  dioxide  which  is  thus  formed. 

This  points  to  the  fact  that  an  atmosphere  from  CO  -  is  not 

suitable  for  oxidation-less  heating  of  high-chromium  steels. 

Hydrogen  has  a  high  reducing  capacity  and  can  thus  serve  as  an  ex¬ 
cellent  protective  gas.  Furnaces  with  hydrogen  atmosphere  for  bright 
annealing  with  iron  h^a„i:ig  elements  can  operate  for  very  long  periods 
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of  time  at  1100°  and  1200°,  if  care  is  taken  that  the  heating  elements 
be  cooled  in  a  hydrogen  atmosphere.  Hydrogen  which  does  not  contain 
water  vapor  can  also  be  used  as  a  protective  gas  for  bright  annealing 
of  stainless  chromium-nickel  steels  and  alloys. 

Prevention  of  chrome  oxidation  by  water  vapor  requires  that  the 
ratio  of  hydrogen  and  water  vapor  be  very  high.  These  ratios  become 
larger  with  a  decrease  in  temperature.  The  more  hydrogen  in  the  gas  and 
the  less  water  vapor,  less  is  the  chromium  oxidized.  Hydrogen  protects 
chromium  from  oxidation  at  750-850°  only  when  its  water  vapor  content 
is  of  the  order  of  0.01#  and  less,  that  is  for  H2:H20  ratios  of  the  or¬ 
der  of  10,000  (Pig.  8).  Dissociated  ammonium  must  be  dried  even  more 
extensively.  Cases  are  known  when  a  bright  surface  could  not  be  obtained 
when  annealing  brand  lKhl9N9  steel  in  moist  electrolitic  hydrogen.  Pro- 


Fig.  8.  Curve  of  equilibrium  between  chromium  and  a  mixture  of  hydrogen 
with  water  vapor.  A)  Ratio  of  partial  pressures  HpiHgO;  B)  temperature, 
°C. 


tective  atmospheres  which  consist  of  a  mixture  of  dissociated  ammonium 
and  hydrogen  (75#  Hg  and  25#  N2),  upon  deep  drying,  are  being  used  for 
bright  annealing  of  chromium-containing  steels. 

Carbon  contained  in  gases  acts  the  stronger,  the  greater  is  the  re¬ 
ducing  capacity  of  the  gaseous  mixture.  This  is  utilized  in  practice 
for  cementation  of  steels.  Producer,  water  and  lighting  gases  or  pure 
hydrocarbons  above  600*  have  a  highly  carbonizing  effect  on  chromium- 
containing  heat  resistant  steels  and  alloys  with  attendant  formation  of 
chromium  carbides.  However,  if  the  steels  contain  other  elements,  which 
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have  a  high  chemical  affinity  of  carbon,  such  as  for  example,  titanium 
niobium,  then  more  stable  carbides  of  these  elements  are  formed  as  well 
as  chromium  carbides  (depending  the  temperature  and  composition).  C 
Carburization  of  heat  resistant  steels  and  alloys  is  a  detrimental  fac¬ 
tor.  The  presence  of  carbides  has  a  negative  effect  on  the  mechanical 
properties,  on  the  electric  resistivity  of  heating  elements,  etc. 

Study  of  the  effect  of  protective  atmospheres  in  heat  treatment  of 
highly  heat  resistant  brand  EI437B,  El6l7,  EI867  and  EI929  brand  alloys 
makes  it  possible  to  establish  that  the  best  results  are  obtained  when 
use  is  made  of  very  highly  purified  and  dried  neutral  gases  (argon  and 
helium).  In  this  case  no  extensive  changes  are  observed  in  the  chemical 
compostion  of  surface  layers  and  the  alloy  retains  high  service  charac¬ 
teristics  and  a  sufficiently  bright  surface.  When  industrial  gases  are 
used  changes  are  observed  in  the  surface  layers  which  are  due  to  the 
oxidizing  effect  of  residues  of  oxygen,  water  vapor  and  carbon  dioxide, 
which  is  detrimental  to  the  aforementioned  characteristics  of  the  alloy. 
When  using  protective  atmospheres  consisting  of  nitrogen  with  an  excess 
of  hydrogen  (with  water  vapor  and  other  components  removed)  comparative¬ 
ly  moderate  changes  are  observed  in  the  surface  layers  (for  example  at 
a  depth  of  0.07-0.1  mm  in  the  -;-T437B  alloy),  which  should  be  removed  by 
grinding.  When  heating  multi-component  alloys  (EI617,  EI867,  etc. )  in  an 
oxidizing  atmosphere  (air)  more  extensive  changes  in  the  surface  layers 
are  observed  (Fig.  9).  which  is  due  to  depletion  of  their  Cr,  Ti  and  A1 
which  turn  into  scale,  with  the  result  that  the  heat-resistant  charac¬ 
teristics  of  products  are  sharply  impaired.  For  this  reason  a  sub¬ 
stantially  greater  layer  (1.5-3  mm)  is  removed  from  the  surface.  It  is 
expedient  to  heat  treat  heat  resistant  alloys  in  a  well  purified  atmos¬ 
phere  of  inert  gases.  Work-hardening  produced  by  machining  should  be 
removed  by  additional  heat  treatment. 
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Pig.  9.  Effect  of  heating  at  1000-1300o  during  200  hours  on  the  change 
in  structure  of  the  EI617  alloy  in  surface  layers.  1}  Surface;  2)  inter¬ 
nal  layer  of  the  alloy;  3)  depth  of  surface  layer;  4)  a-poor;  5)  sche¬ 
matic  of  phase  distribution  in  the  depth. 


Gas  corrosion  in  hydrogen  at  elevated  temperatures  and  high  pres¬ 


sures.  Hydrogen-containing  gas  media  which  operate  under  high  pressures 
and  at  elevated  temperatures,  are  extensively  used  in  technology  for  t 


the  production  of  synthetic  ammonium,  hydrated  coal  in  obtaining  syn¬ 
thetic  gasoline  and  in  other  processes  in  the  chemical  petroleum,  food 
and  other  branches  of  industry. 


Hydrogen  diffuses  easily  through  the  metal  and  reacts  with  oxides 
with  attendant  formation  of  water;  with  carbon,  more  precisely  with 
cementlte,  with  attendant  formation  of  methane,  with  sulfur,  phosphorus 
and  a  number  of  other  elements  with  attendant  formation  of  the  corre¬ 


sponding  compounds.  If  the  reaction  products  which  are  thus  obtained 
(for  example,  water  vapor)  as  a  result  of  oxidation,  or  hydrocarbons 
(for  example,  methane),  as  a  result  of  interaction  between  hydrogen  and 
iron  carbide,  have  a  substantially  poorer  diffusion  ability,  then  this 
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results  in  the  appearance  of  stresses,  in  loosening  of  the  alloy  struc¬ 
ture,  reduction  of  its  strength  and  breakdown.  The  reaction  of  hydrogen 
with  carbon  steel  is  accompanied  by  decarbonization  of  the  metal. 

Figure  10  shows  the  effect  of  the  hydrogen  temperature  and  pressure 
on  the  resistance  of  two  carbon  steels  with  0.76#  and  0. 22%  C  in  tests 
of  various  length.  The  negative  effect  of  hydrogen  is  felt  strongly 


Fig.  10.  Decarbonization  of  steel  in  a  hydrogen  atmosphere  as  a  func¬ 
tion  of  the  pressure  in  test  of  varying  duration  at  500,  550  and  600°. 

A)  Depth  of  decarbonization  in  mm;  B)  steel  with  0. 76#C;  C)  steel  with 
0.22*  C;  d)  test  duration;  E)  hours. 

above  350°  and,  apparently,  it  depends  little  on  the  carbon  content.  At 
300°  and  1000  atm  no  detrimental  effect  of  hydrogen  for  the  given  test 
duration  was  observed.  Experience  acquired  in  using  carbon  steel  in 
high  pressure  ammonium- synthes is  apparatus  shows  that  carbon  steel  with 
properly  removed  oxygen  worked  beautifully  for  many  years  up  to  200° 
and  of  the  order  of  800  atm.  However,  it  failed  very  rapidly  when  the 
temperature  was  laised  to  250-260°.  Alongside  with  the  reduction  in 
strenth,  plasticity  and  hardness,  a  sharp  reduction  in  the  steel's  car¬ 
bon  was  observed  in  the  internal  wall  material. 

Alloying  of  carbon  steel  with  attendant  formation  of  special  chrom¬ 
ium,  vanadium  and  titanium  c<*  -  <*•  instead  of  cementite  eliminates  the 

harmful  influence  of  hydrogen,  nus  is  due  to  the  fact  that  not  all  the 
carbides  are  decomposed  by  hydrogen,  as  this  lakes  place  in  cementite 
by  the  reaction  Fe^C  +  =  Fe  +  CH^,  and  therefore,  when  the  formation 
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of  cementite  in  steels  is  preventod,  hydrogen  corrosion  does  not  take 
place  and  alloyed  steels  exhibit  high  resistance  to  the  destructive  ef- 

TABLE  4 

Effect  of  the  Hydrogen  Pres¬ 
sure  on  Mechanical  Proper¬ 
ties  of  Carbon  Steel  at  400* 
and  a  Test  Duration  of  100 
Hours 
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1)  Hydrogen  pressure  (atm); 

2)  °pts; 


Pig.  11.  Variation  In  the  mechanical  properties  of  steels  as  a  function 
of  the  time  the  specimens  were  held  in  a  nitrogen-hydrogen  mixture  at  a 
pressure  of  1000*  end  temperature  of  300*  (according  to  Maxwell),  a) 
1012  denotes  steel,  containing  0. 12*  C;  1043  denotes  steel  containing 
0.43*  C;  2313  denotes  steel  with  0.13*  C,  and  3.3*  Mi;  3113  denotes 
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steel  with  0.15#  C,  1.25#  Ni  and  0.6#  Cr;  4130  denotes  steel  with  0.3# 
C,  0.65#  Cr  and  0.2#  W;  5120  denotes  steel  with  0.2#  C  and  0.  75#  Crj 
6120  denotes  steel  with  0.2#  C,  0. 9#  Cr  and  0.15-0.18#  V;  7260  denotes 
steel  with  0.6#  C,  0.75#  Cr  and  0.75#  W,  b)  A)  Steel  with  17#  Cr;  B) 
ATV-3;  C)  ATV-1;  D)  Midvalloy  25-20  {25#  Cr  and  20#  Ni);  E)  NCT3  (25# 
Cr  and  20#  Ni);  F)  Resisted  2600  (18#  Cr,  20#  Ni,  0.15#  C).  1)  oi, 
kg/mm2;  2)  time  in  hours.  D 

feet  of  hydrogen  (Fig.  11). 

Ammonium  synthesis  apparatus  which  operates  up  to  600°  and  up  to 
300  atm  is  made  from  steel  with  3-6#  Cr  and  with  an  admixture  of  0.40# 
of  Mo  or  Mo  +  V,  while  at  300-550°  and  600-1000  atm  use  is  made  of 
chromium  nickel  austenitic  steel  which  have  a  higher  creep  resistance. 

A  certain  reduction  in  the  impact  ductility  in  austenitic  steeds  is  ob¬ 
served  as  a  result  of  hydrogen  absorption,  which  was  noted  in  testing 
these  steels  after  holding  them  for  120  hours  in  hydrogen  at  600°  and 
1000  atm.  This  brittleness  can  be  eliminated  by  adding  tungsten  and 
molybdenum.  Among  the  postive  qualities  of  chromium-nickel  austenitic 
steels  at  these  temperatures  we  should  count  the  high  resistance  to  ni¬ 
triding  and  crack  formation.  Topper  admixtures  have  a  negative  effect. 
In  a  number  of  cases  both  copper  and  copper- containing  steel  as  well  as 
copper-nickel  steels  fail  rapidly. 

The  creep  strength  of  steels  drops  more  rapidly  in  a  hydrogen  at¬ 
mosphere  than  in  a  nitrogen  atmosphere,  and  the  more  Intensely,  the 
less  is  the  steel  alloyed.  The  best  resistance  was  shown  by  EI559B 
steel,  followed  by  £1339  while  30KhMA  has  the  poorest  resistance. 

The  effect  of  pressure  and  temperature  on  changes  of  the  mechani¬ 
cal  properties  of  the  Hypomik  alloy  and  10#  chromium  steel  with  0.15# 
C,  smelted  in  vacuum  (Table  5)  was  studied. 

It  follows  from  these  data  that  le#  chromium  steel  has  a  suffi¬ 
ciently  high  resistance  to  hyirogen  corrcr-ion  under  the  specified  test 
conditions.  Tfc.  strength  reduction  at  *,03*  is  brought  about  by  soften- 
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ing  of  the  steel  due  to  tempering.  Tubular  specimens  were  observed  to 
fall  under  hydrogen  pressures  of  2000  atm,  while  oil  filled  tubes  of 
the  same  size  withstood  a  pressure  of  4000  atm. 

Methods  for  reducing  gas  corrosion.  1)  Addition  of  special  alloy¬ 
ing  elements  (Cr,  Ml,  Al,  SI)  which  impart  high  resistance  to  gas  cor¬ 
rosion  In  the  respective  medium,  to  alloys.  All  the  corrosion  resist¬ 
ant  and  heat  resisting  alloys  must  contain  Cr  In  a  given  quantity,  and 
in  a  number  of  cases  also  Ni,  Al,  Si,  etc.  The  addition  of  W,  Mo  and  V 

TABLE  5 

Mechanical  Properties  of  Steel 
(10*  Cr,  0. 15*  C)  After  Being 
Held  In  Hydrogen  Under  Pressure 
at  400°  and  500° 
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1)  T ’8t  conditions;  2)  mechanical 
properties;  3)  (atm);  4)  tempera¬ 
ture  (*C);  5)  duration  (hours);  6) 

(kg/fan2);  7)  control. 

reduces  the  oxidation  resistant  of  heat  resisting  alloys.  2)  dectroll- 
tlc  or  chemical  nickel  plating,  cladding  by  hlgh-temperature  oxidation 
resisting  alloys  or  enamel  plating.  3)  Casehardening  of  components  by 
diffusion  saturation  of  the  product  surface  by  chromium,  aluminum, 
silicon,  beryllium.  4)  Heat  treating  In  Inert  protective  media.  5)  To 
ensure  high  service  stability  of  products  from  heat  resisting  alloys  It 
is  necessary  to  remove  (mechanic ad ly,  chemically,  by  hydraulic  abrasion 
or  electrolytic  methods)  surface  layers  of  metals  which  were  depleted 
of  a  number  of  elements,  after  heat  treatment  or  performing  it  in  neu¬ 
tral  media.  6)  The  use  of  chromlua-nlckel  alloys  with  a  high  nickel 
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content  or  of  alloys  with  a  high  silicon  content  (type  25-20  chromium- 
nickel  steel  with  3#  Si  or  type  20-35  with  2%  Si)  is  recommended  for 
work  in  a  highly  carburising  reducing  media.  7)  The  use  of  steels  with 
a  higher  chromium  content  and  a  lower  nickel  content  (type  28-4  chrom¬ 
ium-nickel  steels.,  high-chromium  steels  and  pig  irons)  is  recommended 
for  work  in  media  with  a  high  sulfur  content. 

References:  Tomashov,  N.  D. ,  Teoriya  korrozii  i  zashchity  metallov 
[Theory  of  Corrosion  and  Protection  of  Metals],  Moscow,  i960;  Minkevich, 
A. N. ,  Khimikotermicheskaya  obtabotka  stall  [Casehardening  of  Steel], 
Moscow,  1950;  Gudremon,  E. ,  Spetsyalnyye  stali  [Special  Steels],  Trans¬ 
lated  from  German,  Vols.  x-2,  Moscow,  1959-60;  Khimushin,  F. F. ,  Nerzha- 
veyushchiye,  kislotoupornyye  i  zharoupornyye  stali  [Stainless,  Acid  Re¬ 
sistant  and  Heat  Resistant  Steels],  Moscow,  1945;  Kubashevskiy,  0.  and 
Hopkins,  B. ,  Okisleniye  metallov  i  splavov  [Oxidation  of  Metals  and 
Alloys].  Translated  from  English,  Moscow,  1959;  Perminov,  P. S. ,  Dey- 
stviye  vodcrodu  na  metally  pri  povyshennykh  temperature  i  davlenii  [ Ef¬ 
fect  of  Hydrogen  on  Metals  at  Elevated  Temperatures  and  Pressures], 
"Korroziya  i  bor'ba  s  ney"  [Corrosion  and  Its  Prevention"],  Vol.  2,  No. 
1,  1936;  Chernykh,  I.  P. ,  Molchanova,  V.  D.  and  Mil',  M.  I. ,  "IVUZ  [New  of 
Higher  Institutes  of  Learning],  Fizika",  No.  4,  1958;  Maxwell,  H. L. , 
"Trans.  Amer.  Soc.  Metals,"  Vol.  24,  No.  1,  pages  213-34,  1936;  Naumann, 
F.K. ,  "Stahl  und  Eisen"  [Steel  and  Iron],  No.  57*  pages  889-999,  1937; 
No.  58,-  pages  1234-50,  1938;  Perlmutter,  D.  D.  and  Dodge,  B.  F. ,  Effects 
of  hydrogen  on  properties  of  metals,  "industr.  and  Engng.  Chem. , "  Vol. 
48,  No.  5.  page  885,  1956;  Nese,  H.C.  van.  Dodge,  B. F. ,  "Chem.  Ind. 
Progr. , "  Numbers  6-11,  1956;  Rossum,  0.  van,  "Chem. -Ingr-Techn. , "  Year 
of  publication  25,  No.  8/9,  1953* 
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GAS  FILLED  PLASTIC  MATERIALS  -  see  Foam  Materials. 
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GAS-FILLED  PLASTICS  -  ultralight  plastics  obtained  from  various 
synthetic  polymers.  A  special  feature  of  these  materials  is  the  nonuni¬ 
formity  of  their  physical  structure,  which  resembles  that  of  a  hardened 
foam.  Gas-filled  plastics  are  distinguished  by  low  specific  gravity  and 
high  heat-,  sound-,  and  electrical-insulating  properties.  The  chemical 
and  mechanical  characteristics  and  thermostability  of  these  plastics 
depend  to  a  considerable  extent  on  the  characteristics  of  the  initial 
polymers,  while  their  Insulating  characteristics  depend  on  their  physi¬ 
cal  structure.  Gas-filled  plastics  can  be  produced  from  all  presently 
known  polymers. 

We  can  distinguish  gas -filled  plastics  with  a  closed-cellular 
structure  (plastic  foam)  and  with  an  open-porous  structure  (porous 
plastic),  in  which  the  elementary  cells  or  pores  communicate  with  one 
another  and  with  the  surrounding  atmosphere.  Either  plastic  foam  or 
porous  plastic  can  be  obtained,  depending  on  the  production  method  em¬ 
ployed  and  the  physicochemical  characteristics  of  the  initial  polymers. 
The  majority  of  gas-filled  plastics  (polyvinyl  chloride  foam,  polysty¬ 
rene  foam)  produced  from  thermoplastic  polymers  by  pressing  are  plastic 
foams;  porous  plastics  can  be  obtained  from  the  same  polymers  by  appro¬ 
priate  changes  in  the  initial  composition  and  frothing  method.  Plastic 
foams  and  porous  plastics  can  be  produced  by  the  same  chemical  reaction 
of  the  initial  components  (e.g. ,  so-called  self-frothing  compositions 
of  the  polyester  urethane  type),  depending  on  the  qualitative  and  quan¬ 
titative  composition  of  the  Initial  substances.  Gas-filled  plastics  can 
be  classified  both  by  structure  and  by  elastic  properties  (rigid,  semi- 
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rigid,  and  elastic).  These  materials  are  used  commercially:  l)  for  pro¬ 
ducing  light,  rigid  fillers  for  load-bearing  structural  elements.  In¬ 
suring  high  long-term  resistance  to  thin  metal  facings,  and  to  reduce 
the  weight  of  finished  products;  2)  in  the  manufacture  of  critical  ra¬ 
dio  and  electronic  components  that  must  combine  high  radio  transparency 
with  good  insulating  properties,  comparatively  low  weight,  and  suffi¬ 
cient  mechanical  strength  and  atmosphere -resistance;  3)  in  the  manufac¬ 
ture  of  light,  strong  fillers  for  heat -insulating  structures,  insuring 
low  temperature  conductivity  when  heated  on  one  side;  4)  In  the  produc¬ 
tion  of  light  nonsubmersible  components  and  elements  of  floating  struc¬ 
tures  that  must  function  in  various  liquid  media  (water,  gasoline, 
kerosene,  oil,  etc.)  and  have  sufficient  strength. 

Gas -filled  plastics  are  also  widely  used  as  damping  materials  to 
increase  the  fatigue  strength  of  structures  subjected  to  long-term  vi¬ 
bration  loads,  as  well  as  in  the  manufacture  of  products  that  must  have 
high  elastic  characteristics  (seats  for  automobiles,  aircraft,  etc.); 
they  are  also  used  in  construction  technology  (as  composite  structures 
intended  to  muffle  noise)  and  in  the  manufacture  of  household  articles. 

Gas -filled  plastics  are  produced  serially  in  the  form  of  semifin¬ 
ished  products,  slabs,  and  molded  articles. 

For  brief  descriptions  of  the  principal  characteristics  and  appli¬ 
cations  of  the  most  widely  employed  and  promising  gas -filled  plastics 
see  the  articles  entitled  Foam  materials,  Slllcoorganlo  plastic  foam. 
Polyvinyl  chloride  foam.  Polystyrene  foam.  Polyurethane  foam.  Phenol - 
formaldehyde  plastic  foum,  and  Reinforced  plastic  foam. 

References:  Berlin,  A. A.,  Osnovy  prolzvodstva  gazonapolnennykh 
plastmass  1  elastomerov  [Principles  of  the  Production  of  Gas-Filled 
Plastics  and  Elastomers],  Moscow,  1954;  Idem,  Vysokomolekyulyarnyye 
gazonapolnennyye  materlaly  [High-Molecular  Gas-Filled  Jteterials],  in 
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book:  Uspekhi  khimii  1  tekhnologii  pollmerov  [Advances  in  Polymer  Chem¬ 
istry  and  Technology],  Collection  1,  Moscow,  1955#  pages  111-131;  Ber¬ 
lin,  A. A.,  Sobolevskiy,  M.V. ,  KhP,  19^6,  No.  10,  page  13#  Popov,  V.A., 
Tolmacheva,  M.K. ,  Belevich,  I.S.,  Byul.  obmena  proizvodstvenno-tekh- 
nicheskim  opytom.  Dorn  tekhnika.  Moskva  [Bulletin  for  the  Exchange  of 
Production  and  Technical  Experience.  House  of  Technology.  Moscow], 

1958,  No.  7,  pages  55-60;  Moiseyev,  A. A.,  Durasova,  T.P. ,  KhP,  1957, 

No.  3;  Idem,  Ibid.,  1958,  No.  7#  Abibov,  A.L. ,  Popov,  V.A. ,  Tr.  Mosk. 
aviats.  in-ta  [Transactions  of  the  Moscow  Aviation  Institute],  1957# 

No.  93;  Borodin,  M.Ya.  et  al.,  Penoplastmassy  [Plastic  Foams],  Moscow, 
1959  (Peredovoy  nauchno-tekhn.  i  proizv.  opyt  [Advanced  Scientific- 
Technical  and  Production  Experience],  Report  19,  No.  M-59  Peno¬ 

plastmassy  [Plastic  Foams],  collection  of  articles,  Moscow,  i960;  Reyt- 
linger,  S.A. ,  Zhurnal  obshchey  khimii  [Journal  of  General  Chemistry], 
1944,  Vol.  14,  No.  6,  page  420;  Idem,  UKh,  1951#  Vol.  20,  No.  2,  page 
213;  Reytlinger,  S.A. ,  Yarkho,  I.S.,  KZh,  1955#  Vol.  17,  No.  5,  page 
387;  Reytlinger,  S.A.,  In  book:  Uspekhi  khimii  i  tekhnologii  pollmerov 
[Advances  in  Polymer  Chemistry  and  Technology],  Collection  3,  Moscow, 
i960,  pages  184-200. 

V.A.  Popov 
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GAS  JLAME  COATINGS  -  coatings  applied  to  the  surfaces  of  products 
by  the  gas  flame  method.  Material  in  the  form  of  wire,  rod  or  gaseous 
powder  jet,  is  heated  when  it  passes  through  a  flame  and  it  is  sprayed 
onto  the  surface  to  be  coated  by  a  compressed  gas  stream.  Gas  flame 
coatings  are  made  from  materials  with  melting  temperatures  from  50-60° 
to  3000°,  and  when  plasma  burners  are  used  materials  with  higher  melt¬ 
ing  temperatures  are  applied.  Gas  flame  coatings  may  be  continuous  and 
porous.  Porous  metallic  gas  flame  coatings  are  compacted  by  glaring  or 
thermal  diffusion  roasting,  treating  by  chemical  reagents,  impregnation 
by  high-polymer  materials;  porous  gas  flame  coatings  from  ceramic  ma¬ 
terials  are  compacted  by  impregnation.  The  figure  shows  the  classifica- 


Fig.  Classification  of  gas  flame  coatings  by  composition  and  the  indus¬ 
trial  application  process.  1)  Gas  flame  coatings;  2)  from  organic  poly¬ 
mers;  3)  from  cermets;  4)  from  ceramic  materials;  5)  from  metals  and 
alloys;  6)  thermoplastic;  7)  hardenable;  8)  modified  by  thermoplastics; 
9)  from  refractory  oxides;  io)  from  glass  enamels;  11)  low- temperature 
melting;  12)  microweldable;  13)  stainless  steels;  14)  pseudo-alloy;  15) 
without  a  filler;  16)  with  a  filler;  17)  glazed;  16)  sintered;  19)  self- 
fluxing;  20)  nonglazable;  21)  dense;  22)  noncontlnuous;  23)  with  a  me¬ 
tallizing  sublayer:  24)  compacted  by  impregnation;  25)  compacted  by 
chemical  means;  26)  thermodiffusion;  27)  half-glazed;  28)  compacted  by 
chemical  treatment;  29)  compacted  by  heat  treatment. 
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tion  of  gas  flame  coatings  by  composition  and  the  process  of  industrial 
application.  Polyethylene,  copolymers  of  ethylene  with  propylene,  high- 
strength  polystyrene,  polyvlnylbutiral,  polyarylic  resins,  polycapro¬ 
lactam  and  shellac  are  used  as  nonmetallic  gas  flame  coatings.  The  op¬ 
timum  thickness  of  thermoplastic  coatings  is  0.2-0. 3  mm,  increasing  the 
thickness  of  coatings  reduces  their  adhesion  properties,  overheating 
upon  increasing  the  thickness  impairs  the  physicomechanical  and  chemi¬ 
cal  properties.  Hardenable  polymers  (phenoladehlde,  alkyd,  organic  sil¬ 
icon,  epoxy)  are  applied  with  a  thickness  of  several  mm  without  glazing 
of  the  successively  applied  layers;  they  are  compacted  by  sintering  or 
upon  heating  the  coatings  thus  applied  for  the  purpose  of  hardening.  To 
prevent  cracking,  coatings  from  hardenable  polymers  are  modified  by 
thermoplastic  materials  which  have  elastic  properties  and  by  fillers. 

The  physicomechanical  properties  of  gas  flame  coatings  from  high  poly¬ 
mers  are  determined  by  instruments  used  in  testing  of  lacquer  and  paint 
coatings,  and  in  the  case  of  coatings  of  substantial  thickness  this  is 
done  by  typical  plastic  testing  instruments.  The  resistance  of  gas 
flame  coatirgs  to  various  media  at  temperatures  up  to  60°  is  given  in 
Table  1.  The  physicomechanical  indicators  of  certain  thermoplastic  gas 
flame  coatings  are  given  in  Table  2,  and  of  phenolaldehide  resin  are 
given  in  Table  3. 

Polymeric  gas  flame  coatings  are  used  for  restoring  the  dimensions 
of  metal  models,  making  of  electric  surface  heaters,  preventing  icing 
of  aircraft,  protection  of  erosion  wear  and  avitation  of  hydraulic  tur¬ 
bine  buckets  and  ship's  propellers,  electrical  Insulation  of  tool  hand¬ 
les,  corrosion  protection  of  electroplating  shop  equipment,  etc. 

The  composition  and  physicomechanical  properties  of  metal  and  al¬ 
loy  gas  flame  coatings  differ  from  the  composition  of  properties  of  me¬ 
tals  and  alloys  which  are  used  for  their  application.  The  hardness  of 
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metallizing  gas  flame  coatings  is  higher  than  the  hardness  of  the  start 
ing  metals,  they  are  capable  of  lubricant  absorption  and  are  character 

TABLE  1 

Resistance  of  Gas  Flame 
Coatings  to  Various  Med¬ 
ia  at  Temperature  up  to 
60#* 


*  0  —  has  no  effect. 

**  D  —  has  a  partial  effect. 

R  —  it  breaks  down. 

***  -  is  applied  by  the  gas  flame 

method  from  solutions  in 
plastifiers. 

1)  Medium;  2)  solution  con¬ 
centration  (%);  3)  polycaprolac¬ 
tam  j  4)  polyethylene;  5)  poly- 
vinylbutirol:  6)  polychlorovinyl: 
7)  Thiocol;  8)  bitumen;  9)  R;  10) 
D;  11)  gasoline;  12)  vegetable 
and  animal  fats. 


lzed  by  high  wear  resistance.  Table  4  shows  the  properties  of  metalliz¬ 
ing  gas  flame  coatings  from  certain  metals. 

The  uses  and  major  properties  of  metallizing  coatings.  Zinc  gas 
flame  coatings  for  cathodic  protection  of  steel  structures  end  vessels 
from  atmospheric,  underground  and  sea  erosion  are  not  damaged  by  the 
periodic  freezing  and  melting  of  water  on  their  surfaces,  are  effective 
In  media  with  pH  of  6-11  even  If  the  coatings  are  quite  porous;  In  sea 
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water  they  are  compacted  by  the  zinc  chlorate  which  then  forms.  They 
are  also  used  as  priming  coats  for  paint  and  varnish  coatings  with 


TABLE  2 

Physicomechanical  Indicators  of  Certain  Thermoplastic 
Gas  Flame  Coatings 


1)  Coatings;  2)  low-pressure  polyethylene;  3)  polyvinylbutiral:  4) 
capron;  5)  an  alloy  of  ethylcellulose  with  montan  wax  40:60;  6)  shellac 
7)  Ukhta  bitumen;  o)  E-41T  epoxy  resin:  9)  strength  of  bound  with  the 
base  layer  (kg/cm2);  10)  up  to  100;  11)  satisfactory;  12)  impact 
strength  measured  by  the  U-l  instrument;  13)  for  the  coating;  14)  for 
the  base  layer;  15)  Ericksen  elasticity  (mm);  16)  pendulum  hardness 
measured  on  the  MI-3  instrument. 


TABLE  3 

Physicomechanical  Properties  of  a  Coating 
From  Modified  Fhenolaldehide  Resin 
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1)  Tensile  strength  f  kg/cm2);  2)  modulus 
of  elasticity  (kg/cm2);  3)  elongation  at 
break  (*);  4)  flexural  strength  (kg/em2); 

5)  specific  impact  ductility  (kg* cm/cm2); 

6)  Martens  heat  resistance  (°C). 


vinyl,  alkyd,  etc.,  resins  as  a  base.  Aluminum  gas  flame  coatings  are 
used  for  cathodic  protection  of  steel  structures  in  media  with  pH  2.5- 
3.0,  for  protection  from  the  effect  of  .ulfur  dioxide;  protection  from 
temperature  effects  up  to  1000°  requires  glazing  or  thermodiffusion 
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sintering  of  the  coatings.  Steel  gas  flame  coatings  are  used  for  restor¬ 
ation  of  worn  machine  components;  shaft  journals  are  metallized  by 
steel  with  a  high  carbon  content,  seats  of  ball  and  roller  bearings  and 
stationary  seats  in  general  are  coated  by  low-carbon  steel.  The  hard- 

ness  of  coatings  from  45  steel  is  223-285  kg/nm  ,  the  hardness  of  coat- 

2 

Ings  from  U8,  and  U10  steels  Is  285-320  kg/nm  .  Stainless  steel  gas 

TABLE  4 

Properties  of  Certain 
Metallizing  Gas  Flame 
Coatings 
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I)  Metal  or  alloy;  2)  ultimate  tensile  strength  (kg/nm  );  3)  ultimate 
compressive  strength  (kg/fas2);  4)  Rockwell  hardness;  5)  15  steel;  6)  45 
steel;  7)  U8  steel;  8)  L-62  brass;  9)  A-99  aluminum;  10)  Zinc  (Ts-l); 

II)  copper  (M). 

flame  coatings  are  used  to  restore  worn  components.  The  coating  hard- 
ness  Is  270-285  kg/am  ;  a  coating  containing:  2%  Mo,  l£  SI,  0.  ljf  C,  18£ 
Cr,  12%  N1  with  the  balance  consisting  of  iron  Is  recommended  for  re¬ 
storation  of  worn  bronze  and  stainless  steel  components.  Iron-aluminum 
coatings  (1:1  by  weight)  are  used  as  antifriction  coatings  Instead  of 
bronzes  and  Babbit  metals;  the  friction  coefficient  is  0.04-0.045. 
Molybdenum  gas  flame  coatings  are  antifriction  and  wear  resistan*  coat¬ 
ings  of  the  working  surface  of  machines.  In  the  production  of  all-alu¬ 
minum  diesel  and  automotive  engines  (the  steel  coating  Is  applied  over  a 
thin  molybdenum  layer  which  covers  the  aluminum  casting),  are  used  for 
repair  of  large  dies,  restoration  of  worn  crankshafts,  protection  of 
polishing  machine  spindles.  Prope tales  of  molybdenum  gas  flame  coatings: 
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specific  weight  8.6  g/cm^;  melting  temperature  2620°,  porosity  (total) 
14#,  thermal  expansion  coefficient  4.82*10“’^,  oxygen  content  in  the 
form  of  oxides  up  to  0.2#,  capture  cross  section  for  thermal  neutrons 
2  barns,  Rockwell  hardness  88,  adhesion  to  steel  2.7  kg/mm2,  high  wear 
resistance,  excellent  machinabllity.  Permissible  operating  temperature: 
under  atmospheric  conditions  not  above  400°,  in  a  reducing  medium  up  to 
2500*.  Surfaces  do  not  have  to  be  machined,  it  can  be  applied  on  steel, 
aluminum,  graphite,  ceramics,  glass.  Nickel-based  gas  flame  coatings 
with  chromium  and  silicon  borides  protect  structures  from  the  effect  of 
molten  metallic  sodium,  aluminum,  bismuth,  mercury  and  molten  glass; 
are  resistant  to  the  effect  of  ammonium  sulfide  and  ammonium  sulfate, 
phenols,  hydrogen  sulfide,  boric,  naphthene,  acetic,  phosphorus,  chrom¬ 
ium,  nitric  and  hydrofluoric  acids,  hydrogen  peroxide,  acid  and  neutral 
salts.  Wear  resistance  and  antifriction  gas  flame  coatings  from  iron 
slllcoborldes  resist  sulfuric  acid  of  any  concentration  as  well  as  the 
effect  of  tetraethyl  lead.  Nickel-based  gas  flame  coatings  from  chrom¬ 
ium  borides  are  also  used  as  binders  for  the  application  of  tungsten 
carbide  coatings  on  drilling  equipment.  The  properties  of  these  gas 
flame  coatings  are:  specific  gravity  7.55-7.69,  they  are  not  porous, 
thermal  expansion  coefficient  14. 5-16.2* 10"*,  Rockwell  hardness  from 
30-35  to  62,  depending  on  the  composition,  ultimate  tensile  strength 
4550-5250  kg/cm2,  friction  coefficient  0.18-0.20,  coating  thickness  0.1- 
-0. 3  mm. 

Gas  flame  coatings  from  metal  oxides  are  used  as  wear  and  tempera¬ 
ture  resistant  coatings  for  metals  and  graphite,  as  electric  insulation 
high-temper&lure  coatings  and  as  thermal  barrier  coatings.  The  proper¬ 
ties  of  commercial  type  metal  oxide  coatings  are  presented  in  Table  5. 

Gas  flame  coatings  from  oxides  cf  rare-earth  metals  are  used  for 
coating  of  pistons  and  heads  of  Internal  combustion  engine  cylinders  to 
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prevent  the  formation  of  scale  on  chambers  and  rings. 


TABLE  5 

Properties  of  Metal  Oxide  Coatings 
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1)  Coating  materials;  2)  zircon  {zirconiiffi  silicate);  3)  chemical  com¬ 
position;  4)  stabilized  oxide;  5)  specific  weight  (g/emS);  6)  specific 
gravity;  7)  specific  gravity  of  the  7-modification;  8)  specific  gravity 
of  the  a-modlflcation;  9)  total  porosity:  10)  thermal  expansion  coeffi¬ 
cient  In  the  temperature  Interval  from  24  to  1399° »  10“°  per  1*;  11) 
thermal  conductivity  at  a  temperature  of  about  ol5fc  (kcal/m*  hour*  °C ) ; 
12)  blackness  coefficient;  13)  melting  temperature  (  C);  14)  color;  15) 
white;  16)  redish-brown;  17)  Knoop  hardness;  18)  ultimate  flexural 
strength  (kg/cm2);  19)  modulus  of  elasticity  (kg/cm2). 


References:  Kozlovskiy,  A.  L.,  Naplavochnyye  pokrytiya  iz  vysoko- 
polimerov  [High- Polymeric  Deposited  Coatings].  "FM, "  No.  3,  1959; 
Yakubovich,  S.  V. ,  Ispytanlya  lakokrasochnykh  materlalov  1  pokrytly 
[Testing  of  Lacquer  and  Paint  Materials  and  Coatings].  Moscow- Leningrad, 
1952. 

A.  L.  Kozlovskiy 
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GAS -IMPERMEABLE  RUBBER  —  rubber  whose  permeability  to  various  gas- 

O  p 

es  varies  from  0.06  to  5*10“  ml* cm  Hg/sec*cm  *mm.  This  type  of  rubber 
is  widely  used  in  the  manufacture  of  balloon  materials,  certain  types 
of  flexible  piping,  packing  components,  porous  shock  absorbers,  auto¬ 
mobile  and  bicycle  inner  tubes,  etc. 

The  impermeability  of  a  rubber  is  basically  governed  by  that  of 
the  caoutchouc  and  depends  on  the  nature  of  the  gas. 

The  impermeability  of  vulcanizate  containing  up  to  2$  bonded  sul¬ 
fur  is  equivalent  to  that  of  gum  rubbers.  Impermeability  increases  with 
sulfur  content  and  becomes  selective  with  respect  to  various  gases; 
for  example,  the  permeability  of  ebonite  (which  contains  32$  bonded 
sulfur)  to  helium  is  l/3  of  that  of  caoutchouc,  while  its  permeability 
to  hydrogen  is  approximately  l/40  and  to  nitrogen  is  no  more  than 
1/2000  of  that  of  caoutchouc. 

Rubbers  containing  fillers  are  less  permeable  to  gases  than  gum 
rubbers.  The  greatest  decrease  in  permeability  is  achieved  by  adding 
fillers  with  fat  particles,  such  as  ground  mica  or  powdered  aluminum. 

The  gas  permeability  of  rubber  is  reduced  by  thermal  aging. 

Permeability  to  gases  is  evaluated  from  the  permeability  constant 
P,  the  diffusion  constant  D,  and  the  sorption  content  6,  which  are  re¬ 
lated  by  the  equation  P  =  DC.  Knowing  or  having  experimentally  deter¬ 
mined  two  of  these  constants,  the  third  can  be  found  from  the  afore¬ 
mentioned  equation.  The  Table  shows  the  permeability  of  various  natur¬ 
al  and  synthetic  rubbers  to  nitrogen. 
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Indices  of  Gas  Permeability  for  Natural  and  Synthe 
tic  Rubbers 


KlHjr» 

1 

Hnnmn 

2 

Coa«rwa- 

um  Kft- 
oojnvrcj* 
(OCttM 

P*10-# 
ju.  nmm 

fl-lO-'eai'r** 

5 

<j-t0“»  au-fai’ 
«m»  6 

CM -Ct* -CM 

4 

HK 

JltHDOMa  cuca  14 

t 

4.4 

0,46 

0.2 

Kioim  15 

20 

2.7 

0,32 

7.2 

s 

9.2 

0.44 

11,8 

7 

20 

2.0 

3.30 

8.8 

Moaonm  eanaa  J.6 

9 

1.0 

0,32 

9.3 

20 

!.« 

0,21 

6.9 

CKB 

.laMooaaa  cuu 

0 

4.4 

0.40 

10,1) 

20 

2.0 

0.32 

11.0 

KHan 

5 

4.4 

0,22 

8.2 

8 

20 

2.0 

0,40 

7.2 

Moaoraa  unu 

6 

2.0 

0.22 

12,0 

20 

1.2 

0.12 

10.0 

cKC-ao 

JlauDOBaX  Cam* 

5 

2.2 

0,24 

13.3 

20 

2.0 

0.22 

<1.8 

Kaoaaif 

S 

2.9 

0.26 

10.7 

9 

20 

1.4 

0.20 

7.0 

Moaoraa  can *a 

5 

2.1 

0.17 

12.3 

20 

0.0 

0,13 

8.6 

CKC- 10 

JIkhdomii  cam* 

S 

4.9 

0.43 

II. 1 

20 

4.5 

0.41 

10.8 

Kaoaan 

5 

4.2 

0,38 

11.8 

20 

2.0 

0.30 

10,0 

Moairran  eanaa 

5 

2.0 

0.20 

13.0 

10 

20 

1,20 

0.12 

10.0 

CKH-28 

Jlaunoaaa  cam* 

S 

0.90 

0,12 

7.5 

20 

0.77 

0.08 

9.5 

Kaoaaa 

5 

0,49 

0,14 

3.2 

11 

20 

0.22 

o.co 

4.1 

Moaoraa  eanaa 

5 

0.27 

0.072 

2.1 

20 

0,12 

0.028 

4.6 

XaoponpeB 

Jlauooaaa  cam* 

5 

0,70 

0.08 

11.6 

20 

0,23 

0.02 

10.6 

Kaoaaa 

5 

0,70 

0.023 

14.3 

20 

0.43 

0.043 

10.0 

12 

MoaoTta  eanaa 

5 

0.42 

0,040 

10.2 

20 

0.20 

0,022 

8.2 

I1oJI1I»30(!7T»- 

AaioHaHwaaa  nyapa 

9 

0.11 

0.010 

10.0 

JKH 

20 

0.11 

0,023 

5.0 

KaoaaH 

5 

0,20 

0.060 

4.0 

13 

20 

0,10 

0.022 

1.9 

1)  Caoutchouc]  2)  filler;  32fifiller  content  by  volume);  4)  P«10"^ 
(ml«atm/cm»sec»cm) ;  5)  D»10  b*cm2»sec;  6)  e»10"2«ml«cm3.atm;  7)  NK; 

8)  SKB;  9)  SKS-30;  10)  SKS-10;  11)  SKN-26;  12)  chloroprene;  13)  poly¬ 
isobutylene;  14)  lamp  black;  15)  kaolin;  16)  ground  mica. 

References:  Reytlinger,  S.A.,  UKh  [Advances  in  Chemistry],  1951, 
Vol.  20,  No.  2,  page  213;  Berrer,  R. ,  Diffuziya  v  tverdykh  telakh 
[Diffusion  in  Solids],  translated  from  English,  Moscow,  1948;  Melikho- 
va,  N.A.,  Issledovaniye  gazopronitsayemosti  napolnennykh  vulkanizatov 
[Investigation  of  the  Gas  Permeability  of  Pilled  Vulcanizates] ,  Mos- 
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cow,  1955,  Dissertation;  Reytllnger,  S.A. ,  Zhurnal  obshchey  khimii 
[Journal  of  General  Chemistry],  1944,  Vol.  14,  No.  6,  page  420;  Rey- 
tlinger,  S.A.,  Panyunina,  L.A.,  ZhPKh,  1939,  Vol.  12,  No.  6,  page  886; 
Bartenev,  G.M.,  Peregudova,  L.Ye.,  Tr.  N. -i.  in-ta  rezin,  prom-sti 
[Transactions  of  the  Scientific  Research  Institute  of  the  Rubber  Indus¬ 
try],  1955,  Collection  2,  page  48;  Borodina,  I.V. ,  Nikitin,  A.K. , 
Tekhnicheskiye  svoystva  sovetskikh  sinteticheskikh  kauchukov  [Technical 
Characteristics  of  Soviet  Synthetic  Rubbers],  Leningrad-Moscow,  1952; 
Polozov,  N.P. ,  Reytlinger,  S.A.,  Aerostatnyye  gazy  [Aerostatic  Gases], 
Moscow,  1948. 

N.  K.  Pankova 
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GASOLINE-  AND  OIL-RESISTANT  LACQUER  AND  PAINT  COATINGS  are  coat¬ 
ings  which  are  resistant  to  the  attack  of  liquid  fuels  and  mineral  oils. 

For  the  protection  of  metallic  vessels  (containers)  intended  for 
the  storage  and  transportation  of  various  grades  of  gasoline  containing 
up  to  40  percent  aromatic  hydrocarbons,  and  also  the  mineral  oils,  use 
is  made  of  the  following  gasoline-  and  oil-resistant  lacquer  and  paint 
coatings;  enamel  No.  55  >  having  high  resistance  to  the  action  of  the 
hydrocarbons  and  the  mineral  oils  (up  to  50°),  good  elasticity,  resist¬ 
ant  to  hot  water  and  water  vapors;  applied  in  two  coats  on  surfaces 
pre-prlmed  using  the  FL-03K  or  FL-03Zh  primers;  primer  dried  at  180° 
for  30  minutes,  each  coat  dried  at  l80°  for  1  hour,  solvent  used  to 
bring  the  enamel  to  working  consistency. 

Enamel  60T  (new  grade  is  VL-515)  is  used  with  temperature  of  pe¬ 
troleum  products  to  6O-8O0,  is  resistant  to  hot  water  and  water  vapor. 

To  obtain  a  gasoline-  and  oil-resistant  coating  the  enamel  is  applied 
in  3-4  coats  without  primer.  Each  coat  is  dried  at  120°  for  1  hour.  A 
mixture  of  ethyl  spirit  and  ethyl  cellosolve  (1:1)  is  used  to  bring  the 
60T  enamel  to  the  working  consistency  (18-20  seconds  on  the  VZ-4  vis¬ 
cosimeter). 

The  gasoline -resistant  enamel  UBE-1  is  applied  on  a  surface  which 
has  been  pre -primed  using  the  gasoline -resistant  primer  UBT-1.  A  more 
uniform  and  continuous  coating  is  obtained  if  the  primer  and  enamel  are 
heated  to  30-40°  before  application.  A  primer  coat  and  2-3  enamel  coats 
are  applied  to  obtain  a  high-quality  coating.  Each  coat  is  first  air- 
dried  for  30  minutes  and  then  dried  for  1-1. 5  hours  at  120-140°.  Sol- 
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vent,  xylene  or  RKB-1  thinner  Is  used  to  bring  the  primer  and  enamel  to 
the  working  consistency  (25-28  seconds  on  the  VZ-4). 

The  PL-75  enamel  is  used  for  the  protection  of  the  interior  sur¬ 
faces  of  automobile  gasoline  tanks  and  other  containers,  and  is  applied 
on  surfaces  which  have  been  preprimed  using  the  gasoline-resistant 
PL-04  primer.  The  coatings  based  on  these  materials  have  exceptionally 
high  gasoline  resistance  and  good  resistance  to  the  other  petroleum 
products.  The  primer  and  enamel  are  applied  by  spraying  or  pouring  of 
single  coats.  Drying  of  each  coat  is  performed  at  180°  for  30  minutes. 
The  primer  and  enamel  are  brought  to  the  working  consistency  (18-20 
seconds  on  the  VZ-4)  using  xylene  or  a  mixture  of  xylene  with  white 
spirit  (1:1). 

The  AO  lacquer  is  intended  primarily  for  the  protection  of  alumi¬ 
num  and  magnesium  details  operating  in  a  medium  of  gasoline,  kerosene 
and  lubricating  oils;  to  provide  reliable  protection  it  is  applied  on 
previously  anodized  or  oxidized  surfaces.  The  coating  based  on  the  AO 
lacquer  has  high  resistance  to  gasoline  and  kerosene.  The  lacquer  is 
applied  without  primer  in  two  combined  layers  with  a  drying  interval  of 
no  more  than  3  minutes  between  layers.  Then  it  is  dried  at  15-25°  for  2 
hours  and  at  80-90°  for  1  hour.  After  the  hot  drying  there  are  again 
applied  two  caots  of  lacquer  with  the  same  drying  interval  between 
coats  and  a  final  drying  of  no  less  than  1  hour  at  15-25°  and  4  hours 
at  115-120°.  The  AO  lacquer  is  brought  to  the  working  consistent  using 
the  R-6  thinner  (12-14  seconds  on  the  VZ-4). 

For  the  protection  of  articles  which  are  periodically  in  contact 
with  liquid  fuels,  mineral  oils  and  which  require  a  decorative  finish, 
use  can  be  made  of  several  lacquer  and  paint  materials.  The  NTs-ll 
(GOST  9198-59)  automobile  nitro-enamels  and  the  gray  nitro-enamels  of 
the  types  MV-8  and  MV-108  have  satisfactory  gasoline  and  oil  resistance. 
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The  nitro-enamels  are  applied  over  the  138  or  FL-03K  primer  in  2-4 
coats  with  drying  of  each  coat  for  no  less  than  2  houi3  at  18-20°.  The 
RDV  thinner  is  used  to  bring  the  enamels  to  the  working  consistency 
(22-25  seconds  on  the  VZ-4).  The  coatings  based  on  the  type  A  glyptal 
and  pentaglyptal  enamels  (TU  MKhP  2556-51)  have  quite  good  oil  resist¬ 
ance;  they  are  used  for  the  protection  of  agricultural  machines  and 
various  equipment  which  comes  into  contact  with  mineral  oils  during 
operation.  Drying  of  the  coatings  at  90-120°  for  3-4  hours  improves 
their  resistance  to  oil.  The  enamels  are  applied  to  a  surface  which  is 
pre-primed  using  the  138,  FL-03K,  FL-03Zh  and  other  primers.  Wide  usage 
is  also  made  of  the  instrument  enamels:  PU-281,  PF-28  black,  1425F  pro¬ 
tective  and  the  FSKh  (GOST  926-52)  grade  enamels  for  agricultural  ma¬ 
chines,  and  others.  In  those  cases  when  it  is  not  possible  to  dry  the 
coatings  at  elevated  temperature,  for  the  protection  of  articles  from 
periodic  exposure  to  gasoline  and  the  mineral  oils  use  can  be  made  of 
the  enamels  based  on  the  copolymer  of  vinyl  chloride  and  vinylidene 
chloride,  for  example,  VKhE-4001  white,  VKhE-4023  gray,  the  VKhGM  and 
VKhG  4007  primers.  The  enamels  are  applied  in  2-3  coats  using  the  fore- 
mentioned  primers,  and  also  can  be  applied  over  the  FK-03K  or  FL-03Zh 
primers.  The  enamels  are  applied  in  2-3  coats  using  the  forementioned 
primers,  and  also  can  be  applied  over  the  FK-03K  or  FL-03Zh  primers.  It 
is  best  to  apply  the  type  VKhE  enamels  using  paint  sprayers.  Thinning 
of  the  enamels  to  working  consistency  (12  seconds  on  the  VZ-4)  is  ac¬ 
complished  using  the  R-4  or  R-5  thinners. 

References:  Drinberg  A.Ya.,  Gurevich  Ye.S. ,  Tikhomirov  A.V. ,  Tekh- 
nologlya  nemetalllchesklkh  pokrytly  [Technology  of  Nonmetalllc  Coat¬ 
ings],  L. ,  1957- 

I. I.  Denker 
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GASOLINE- KEROSENE-OIL  RESISTANCE  —  the  ability  of  polymer  mater¬ 
ials  to  withstand  the  action  of  petroleum  products. 

Many  polymers  (resins,  plastics,  synthetic  fibers,  etc.)  partially 
dissolve  and  some  swell  in  petroleum  products.  Swelling  reduces  the 
mechanical  characteristics  of  polymers  as  a  result  of  the  decrease  in 
intermole cular  interactions;  partial  dissolution  washes  out  the  addi¬ 
tives  to  the  chain  (antioxidants,  plasticizers,  etc.).  Petroleum  prod¬ 
ucts  also  have  a  chemical  Influence  on  the  oxidation  and  aging  of  poly¬ 
mers  because  of  their  participation  in  conjugate  oxidation,  which  leads 
to  decomposition  of  polymers. Destructive  processes  often  predominate 
when  swollen  polymers  are  oxidized,  since  structuring  processes  are 
hampered  in  such  systems.  Polymers  whose  molecules  contain  polar  sub¬ 
stitutes  (polynitrilacrylic  acid  and  copolymers  of  this  acid  and  divin¬ 
yl  (nitrile  rubber],  polychloroprene  rubber,  polysulfide  and  fluoroor- 
ganic  polymers,  etc.)  are  gasoline-kerosene-oil  resistant.  Materials 
based  on  such  polymers  swell  little  in  saturated  hydrocarbons.  Selec¬ 
tion  of  plasticizers  plays  a  material  role.  Gasollne-kerosene-oll  re¬ 
sistance  can  be  increased  by  adding  inorganic  fillers,  carbon  black, 
or  vulcanizing  agents,  as  well  as  by  such  substances  in  combination 
with  many  synthetic  resins.  The  gasoline-kerosene-oil  resistance  of 
polymer  materials  depends  on  their  purity,  impurities  often  accelerat¬ 
ing  oxidation.  This  index  is  usually  evaluated  under  "controlled"  con¬ 
ditions,  by  placing  the  material  or  assembled  unit  in  an  appropriate 
medium  kept  at  high  temperature  in  a  heater. 
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GAS  PERMEABILITY  -  capacity  of  materials  to  pass  gases  through 
themselves  in  the  presence  of  a  pressure  drop;  is  characterized  by  the 
value  c*  the  gas  permeability  coefficient,  which  depends  on  the  struc¬ 
ture  of  the  body,  the  nature  of  the  gas  and  the  temperature.  In  the 
case  of  isothermal  stationary  flow  we  have  the  relationship: 

where  i  is  the  gas  flux  density,  P  is  the  gas  permeability  coefficient, 

(Pl-P2)  is  the  partial  gas  pressure  drop,  and  d  is  the  thickness  of  the 

membrane  through  which  the  gas  passes.  The  gas  permeability  coefficient 

is  expressed  in  cm^  of  gas  (under  standard  conditions)  which  passes 
2 

through  cm  of  a  membrane  1  cm  thick  per  second  under  a  gas  pressure 
drop  of  -1  atm.  Depending  on  the  structure  of  the  body  and  the  gas 
pressure,  the  mechanism  of  gas  permeability  cam  be  regarded  as  a  diffu¬ 
sion  flux,  molecular  diffusion,  viscous  flow  and  flow  out  of  holes. 
Diffusion  flux  is  characterized  by  transfer  of  particles  of  the  diffus¬ 
ing  substance  through  interatomic  or  intermolecular  spaces  in  a  solid 
body.  Gas  permeability  in  this  case  is  regarded  as  successive  dissolu¬ 
tion  of  the  gas  in  the  body's  boundary  layer,  its  diffusion  through  the 
body  and  generation  of  gas  at  the  other  side  of  the  body. 

If  the  dissolution  in  the  body  follows  Henry's  law,  and  the  diffu¬ 
sion  process  is  governed  by  Pick's  law,  then  the  gas  permeability  coef¬ 
ficient  for  diffusion  flux  is  equal  to  P  »  Do,  where  D  is  the  diffusion 
coefficient  and  o  is  the  coefficient  of  solubility  of  the  gas  in  the 
material.  In  the  case  of  diffusion  flux  gas  permeability  increases 

sharply  with  the  temperature.  Molecular  diffusion  takes  place  when  the 
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gas  passes  through  a  porous  body  with  pores  whose  diameter  Is  small  in 
comparison  with  the  molecular  mean  free  path  of  the  gas.  The  quantity 


TABLE 


Gas.Permeabillty  of  Polymer  Films 
(car /sec*  atm*  10°). 
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1)  Temperature  (°Ch  2)  gases;  3) 
siloxane  rubber;  4)  natural  rubber; 
5)  butadiene  rubber;  6)  butadiene 
styrene  rubber  (SKS-30);  7)  poly- 
chloroprene  rubber;  8)  low-density 
polyethylene;  9)  polycarbonate;  10) 
polyamide;  11)  oolyvinyl  chloride 
(nonplasticized):  12)  polyethylene- 
terepthalate;  13)  polyvinylidene 
chloride  (nonplasticized). 


of  gas  that  passes  through  a  body  by  molecular  diffusion  increases  with 
an  increase  in  temperature  in  proportion  to  */t.  Viscous  flow  describes 
gas  permeability  in  porous  materials  with  pores  whose  diameter  exceeds 
the  molecular  mean  free  path  of  the  gas.  As  the  temperature  is  increas¬ 
ed,  the  rate  of  viscous  flow  is  slightly  reduced.  When  the  pore  dia¬ 
meter  is  substantial,  gas  permeability  is  governed  by  the  general  law 
of  outflow  of  gas  from  holes.  The  gas  permeability  coefficient  of  var¬ 
ious  materials  varies  within  wide  limits,  decreasing  successively  in 
the  aeries  fabrics  -  leather  -  polymer  films  -  nonorganlc  glass  -  me¬ 
tals.  The  gas  permeability  of  polymers  decreases  with  an  increasing 
packing  density,  molecular  forces  and  rigidity  of  the  polymer's  chain 
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molecul&es.  The  highest  gas  permeability  is  peculiar  to  rubber-like 
polymers;  organic  glass,  crystalline  and  spacer structure  polymers  are 
characterized  by  a  low  gas  permeability  (see  Table). 

Gas  permeability  is  of  great  significance  in  the  development  of 
packaging  materials,  hermetizing  gaskets,  pneumatic  chambers  (tires, 
blow-up  designs),  anticorrosion  coatings,  in  foundry  practice  (flasks), 
in  the  light  industry  (gas  permeability  of  shoes,  clothing,  parachutes), 
in  construction  (gas  permeability  of  concrete,  ceramics,  construction 
materials)  and  in  other  branches  of  technology. 

References:  Barrer,  R. ,  Dlffuzlya  v  tverdykh  telakh  [Diffusion  in 
Solid  Bodies].  Translated  from  English,  Moscow,  1948;  Reytlinger,  S.A. , 
Gazopronitsayemost '  vysokomolekulyamykh  soyedineniy  [Gas  Permeability 
of  High-Molecular  Compounds].  "UKh, "  Vol.  20,  Issue  2,  page  213,  1931; 
by  the  same  author,  "UKh  i  TP,"  collection  3*  page  184,  i960. 

S.A.  Reytlinger 
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GEOMETRIC  SIMILARITY  -  constancy  of  the  shape  of  figures  regard¬ 
less  of  their  dimensions.  In  similar  figures  the  angles  between  two 
similar  sides  are  equal ,  while  the  ratio  of  similar  segments  is  con¬ 
stant  and  equals  the  similarity  coefficient.  The  areas  of  closed  simi¬ 
lar  figures  are  proportional  to  the  squares  of  their  similarity  coeffl- 
c lent 8,  while  the  volumes  of  solids  are  proportional  to  the  cubes  of 
their  similarity  coefficients.  Observation  of  geometric  similarity  Is 
not  sufficient  to  Insure  that  mechanical  characteristics  will  be  inde¬ 
pendent  of  dimensions.  See  Scale  effect  and  Law  of  similarity. 


Ya.B.  Fridman 


III-558 


GENERAL- PURPOSE  LUBRICANTS  -  plastic  lubricating  materials  (lubri¬ 
cant  greases,  konstalin,  etc. )  used  In  various  mechanisms  operating 
at  temperatures  of  from  -30  to  +65°  (rolling-contact  and  sliding  bear¬ 
ings,  gear,  worm,  and  chain  transmlslons  bearing  low  and  moderate  loads, 
universal  Joints,  etc.). 

Lubricant  greases  are  obtained  by  thickening  medium  Industrial 
oils  of  types  20,  30,  45,  etc.  with  calcium  soaps  of  synthetic  fatty 
acids  (synthetic  lubricant  greases)  or  natural  fats  (aliphatic  lubri¬ 
cant  greases).  These  greases  are  Insoluble  In  water  and  have  satisfac¬ 
tory  protective  properties.  Their  service  life  In  friction  units 
ranges  from  several  days  to  several  months.  The  permissible  container- 
storage  time  Is  5  years  or  more. 

Synthetic  lubricant  greases  are  produced  In  three  varieties  (GOST 
4366-56) :  general-purpose  USs  Is  medium-melting;  automobile  USs  Is  pre¬ 
pared  from  purified  synthetic  fatty  acids,  has  better  operational  char¬ 
acteristics,  and  Is  employed  in  critical  units;  USs-1  Is  a  press  grease 
with  a  low  thickener  content,  which  Increases  Its  usefulness  at  low 
temperatures  and  Improves  Its  compressibility  in  friction  units,  and 
Is  used  principally  for  lubricating  the  friction  units  of  automobile 
chalsls;  USs-2  Is  the  moat  widely  used  general-purpose  all-weather 
lubricant  for  various  mechanisms,  naval  equipment,  tractors,  agricul¬ 
tural  machinery,  etc. 

Aliphatic  lubricant  greases  (QOST  1033-51)  are  produced  in  types 
US-1  (a  press  grease),  US-2  (L),  and  US-3  (T).  Their  characteristics 
are  similar  to  those  of  synthetic  lubricant  greases  of  the  correspond- 
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lng  types.  At  temperatures  above  55-65°,  l-13s  (TU  NP-5-58),  YaNZ-2 
(QOST  9433-60),  1-13  aliphatic  (GOST  1631-61),  and  konstalin  aliphatic 
(GOST  195/-52)  lubricants,  which  are  based  on  sodium  and  sodium-cal¬ 
cium  soaps  of  synthetic  acids,  are  used  instead  of  lubricant  greases. 
These  lubricants  are  used  in  the  bearings  of  electrical  machinery, 
the  hubs  of  automobile  wheels,  etc.  Type  1-LV  lubricant  (TU  NP  21-58), 
which  consists  of  1-13  lubricant  containing  an  antioxidant  (diphenyl- 
amine),  is  employed  in  the  journal  boxes  of  railroad  cars.  The  recom¬ 
mended  temperature  range  for  these  lubricants  runs  from  -15  to  +110°. 
Heating  thickens  l-13s  and  YaNZ-2  lubricants  and  their  use  at  tempera¬ 
tures  above  80-90°  is  consequently  not  recommended.  YaNZ-2  lubricant 
is  distinguished  by  better  low-temperature  serviceability.  Aliphatic 
lubricants  are  more  heat-resistant  than  synthetic  lubricants.  The 
aforementioned  materials  are  all  water-soluble,  so  that  they  cannot 
be  used  under  conditions  where  they  will  be  exposed  to  moisture.  At 
the  same  time,  they  are  better  in  a  moderately  moist  environment  than 
lubricant  greases,  protecting  metallic  surfaces  against  corrosion.  Lub¬ 
ricants  of  the  konstalin  and  1-13  types  are  usually  employed  in  fric¬ 
tion  units  where  the  speed  of  the  rotating  components  does  not  exceed 
2-3000  rpm.  Type  1-LZ  lubricant  ensures  that  railroad  cars  will  run 
for  120  thousand  km.  The  lubricant  in  the  bearings  of  electric  motors 
must  be  replaced  after  several  thousand  hours  of  operation.  All  these 
lubricants  can  be  stored  for  2-3  years  in  air-tight  containers. 

V.V.  Sinitsyn 
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GETINAKS  -  laminated  electric  insulation  material  which  is  ob¬ 
tained  by  pressing  together  of  parallel-placed  layers  of  paper  impreg¬ 
nated  by  synthetic  resins.  Getinaks  is  produced  as  sheets  and  plates  of 
various  thickness  from  0.2  to  50  mm.  Sulfate  cellulose  paper  is  used 
for  electrical  engineering  Getinaks.  Various  synthetic  resins  are  used 
as  Getinaks  binders,  primarily  phenolformaldehide  (phenolaldehide, 
cresolaldehide,  xylenolaldehide ) ,  and  less  frequently  epoxy-phenolani- 
linoformaldehide,  melaminoformaldehide.  Getinaks  has  a  quite  high  me¬ 
chanical  strength  and  good  electric  insulation  properties.  Since  the 
mechanical  properties  of  paper  are  not  the  same  in  all  the  directions, 
paper-base  Getinaks  has  various  properties.  The  properties  of  Getinaks 
are:  ultimate  tensile  strength  along  the  filler  layers  1600,  across  the 

p 

filler  layers  1050  kg/cm  ,  the  tensile  modulus  of  elasticity  along  the 
filler  layers  14. 800,  across  the  filler  layers  108,000  kg/cm2.  Martens 
heat  resistance  150-180°,  thermal  conductivity  3.  5. 10-2*  kcal/m’hour*  °C, 
fatigue  strength  after  107  loading  cycles  in  flexure  350-4Q0,  in  ten- 
slon  and  compression  580  kg/cm  ,  creep  strength  1000  hours  after  load 
application  56#  of  the  tensile  strength.  The  physicomechanical  and 
electric  insulation  properties  of  Getinaks  depend  to  a  substantial  ex¬ 
tent  on  the  service  conditions:  moisture,  temperatures  and  media.  Geti¬ 
naks  is  sensitive  to  moisture  variations.  Prolonged  keeping  of  Getinaks 
at  high  moisture  in  water  and  at  elevated  temperatures  is  detrimental 
to  its  properties.  The  moisture  absorption  of  Getinaks  is  reduced  with 
an  increase  in  the  plate  thickness. 

Getinaks  is  produced  of  two  types:  for  industrial  current  frequency 
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service  and  for  high  frequency  work.  In  addition,  the  electrical  and 
radio  engineering  industries  use  special  brands  of  Getinaks.  Low-fre¬ 
quency  electrical  engineering  Getinaks  is  used  for  work  at  industrial 
current  frequency.  In  a  number  of  cases  low-frequency  Getinaks  has 
strengthening  fillers  such  as  fabric  or  a  metal  mesh  pressed  into  the 
material. 

Low-frequency  Getinaks  is  made  of  the  following  brands,  depending 
on  the  intended  use:  A,  B  and  E  with  a  high  electric  strength  for  work 
in  transformer  oil,  V  for  work  in  air  and  in  transformer  oil  (has  a  high 
mechanical  strength),  V  permeable  to  light,  for  work  in  air,  G  for 
work  under  high  moisture  conditions,  D  panel  for  work  in  air  (has  a  high 
mechanical  strength),  GM  for  magnetic  wedges  with  a  metal  mesh,  which 
works  under  high  moisture  conditions,  PGT  facing  with  upper  layers  from 
phenolformaldehide  resin  impregnated  fabric. 

Brand  E  Getinaks  has  low  electric  losses  and  high  electric 
strength,  particularly  along  the  layers.  The  electric  strength  along  the 
layers  in  transformer  oil  at  90°  and  for  a  distance  between  electrodes 
of  50  mm  is  higher  than  100  kv.  In  addition,  brand  E  has  lower  varia¬ 
tions  of  dielectric  properties  at  elevated  temperatures.  Electrical 
engineering  high-frequency  Getinaks  is  used  for  work  in  high-frequency 
fields,  its  variety  is  sheet  foil  Getinaks  from  synthetic  resin  impreg¬ 
nated  paper,  faced  on  one  or  both  sides  by  a  red-copper  electrolitic 
foil  0.05  mm  thick.  Depending  on  the  intended  service,  high-frequency 
Getinaks  is  produced  of  the  following  brands:  Ay  for  work  in  general 
purpose  radio  installations,  By  for  work  in  telephone  installations,  Vy 
for  work  in  high-frequency  and  telephone  installations,  Gy  for  work  in 
high-frequency  installations,  Dy  for  panels  of  high-frequency  installa¬ 
tions,  Gf-1,  Gf-50  are  foil-covered  on  one  side,  Gf-1-T  is  foil-covered 

from  one  side  and  heat  resistant,  G  -2,  G  -50  which  are  foil  covered 

6  * 
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from  two  sides,  Gf-2-G  which  is  foil  covered  from  two  sides  and  heat 
resistant. 

The  physicomechanical  and  dielectric  properties  of  foil-faced 
material  are  similar  to  those  of  Getinaks  without  foil  facing.  However, 
additional  requirements  with  respect  to  binding  of  the  foil  and  the 
Getinaks  are  presented  to  foil-faced  material.  The  foil  should  not  peel 
off  the  basic  material  when  heated  to  100-120°,  after  being  held  at 
high  humidity  (95-98$),  when  subjected  to  vibrations  and  at  low  temper¬ 
atures.  In  addition,  the  foil  should  not  peel  off  Getinaks  after  short 
duration  (5  secs)  submersion  into  solder  at  270°. 

The  physicomechanical  and  electric  insulation  properties  of  high- 
and  low-frequency  Getinaks  are  given  in  GOST  2718-54. 

The  bulk  of  components  made  from  Getinkas  is  produced  by  machining. 
Getinaks  is  used  extensively  in  electrical  machinery  as  high-voltage 
insulation,  in  transformers  and  other  apparatus,  in  the  production  of 
telephone  apparatus,  radio  engineering  and  ether  branches  of  industry. 
Due  to  the  relatively  low  cost  of  Getinaks,  it  is  used  for  making  of 
all  kinds  of  panels,  covers,  sleeves,  pinions,  washers  and  similar  com¬ 
ponents. 

References:  Shugal,  Ya.  L. ,  and  Baranovskiy,  V.  V. ,  Slolstyye  plas- 
tiki  [Laminated  Plastics].  Moscow- Leningrad,  1953;  Spravochnik  po  elek- 
trotekhnicheskim  materialam  [Electrical  Engineering  Materials  Handbook], 
Vol.  1,  Part  1,  pages  234-60.  Moscow,  1958. 

B.A.  Kiselev 
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GETTERS  (gar  absorbing  materials)  -  substances  which  are  usually 
used  in  vacuum  devices  for  absorption  of  gases  and  vapor  which  remains 
after  the  devices  have  been  vacuumed  by  vacuum  pumps,  and  also  those 
which  are  generated  during  the  operation  of  the  devices.  Getters  are 
used,  in  addition,  in  inert-gas-filled  instruments  for  removal  of  for¬ 
eign  admixtures  from  the  filler  gas  and  also  in  ionic  sorption  pumps. 
Atomizing  and  nonatomizing  getters  are  used  in  vacuum  technology.  The 
former  bind  gaseo  in  the  evaporation  process  with  a  metal  surface  which 
is  formed  on  the  instrument  wall  upon  condensation  of  getters.  Nonatom¬ 
izing  getters  are  usually  applied  in  the  form  of  thinly  dispersed  metal 
powders  made  from  materials  with  gas  absorbing  properties.  The  main 
property  of  getters  is  their  high  absorptive  ability  with  respect  to 
oxygen,  hydrogen,  nitrogen,  carbon  dioxide,  carbon  monoxide,  and  other 
gases.  The  gas  absorption  is  determined  by  the  chemical  activity  of  the 
substances  and  also  by  their  ability  to  dissolve  gases  (absorption)  or 
to  hold  at  the  surface  (adsorption).  The  predominantly  used  atomizing 
getters  are  feba  (ferrum-barium),  bati  (barium-aluminum-titanium), 
barium  berylate,  the  active  substance  of  which  is  barium.  The  active 
substances  of  nonatomizing  getters  are:  tantalum,  titanium,  zirconium, 
barium,  cerium,  lantanum  and  niobium.  The  main  characteristics  of  get¬ 
ters  are  given  in  the  table. 
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TABLE 

Degasing,  Atomization  and  Gas  Absorption  Temperatures, 
Methods  of  Fields  of  Application  of  Main  Gas  Absorbing 
Materials 
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1)  Gas  absorbing  materials;  2)  temperature  (°C);  3)  method 
of  utlization;  4)  predominant  utilization;  5)  degasing;  6) 
gas  absorption;  7)  atomizing;  6)  feba;  9)  not  above  200; 

10)  in  the  form  of  barium  wire  sections  in  a  tubular  iron 
shell;  11)  low  and  medium  capacity  transmitting  tubes,  re¬ 
ceiver  amplification  tubes;  12)  barium  and  its  compounds; 
13)  wire  tablets  in  a  metallic  shell;  14)  electron-ray 
tubes,  miniature  tubes,  medium-size  transmitting  tubes; 

15)  Tseto  [cesium-thorium];  16)  powder  coating  of  a  nickel 
or  iron  base  layer;  17)  tubes  in  which  atomizing  absorbers 
cannot  be  used  and  it  is  impossible  to  use  the  temperature 
needed  for  atomization;  18)  thorium;  19)  800-1000  with  a 
metal  base  layer,  1500-  w600  with  a  graphite  baselayer; 

20)  coating  applied  to  anodes  or  over  special  nickel  back¬ 
ing  layers;  21)  super  high-frequency  tubes,  medium  capacity 
transmitting  tubes;  22)  zirconium;  23)  700-1300  (up  to  1700 
for  wire);  24)  800  (up  to  1600  for  wire);  25)  in  the  form 
of  a  coating  appllea  to  anodes  and  grids  of  devices,  or  In 
the  form  of  wire;  26)  high  and  medium  capacity  transmitting 
tubes,  UKV  devices;  27)  tantalum;  28)  sheets,  powder;  29) 
medium-sized  transmitting  tubes;  high-capacity  vacuum 
and  transmitting  tubes;  30)  aluminum-magnesium;  31)  adsorb 
gases  only  at  the  Instant  of  atomization;  32)  powder  coat¬ 
ing,  smeared-on  coating;  33)  moderate-size  receiving 
tubes,  tubes  with  an  oxldlc  cathode;  34)  titanium:  35)  in 
the  form  of  wire;  36)  in  ionic  sorption  pumps:  37)  nio¬ 
bium;  38)  in  the  form  of  wire  and  pellets;  39)  electric 
vacuum  devices. 
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References:  Lebedinskiy,  M.A. ,  Elektrovakuumnyye  materlaly  [Elec¬ 
tric  Vacuum  Materials],  Moscow-Lenlngrad,  1956;  Yakkel,  R. ,  Poluchenlye 
1  lzmereniye  vakuuma  [Obtaining  and  Measuring  Vacuum],  translated  from 
German,  Moscow,  1952;  Dashman,  S. ,  Nauchnyye  osnovy  vakuumnoy  tekhnikl 
[Scientific  Basis  of  Vacuum  Equipment],  translated  from  English,  Moscow, 
1950;  Cole,  V. ,  Tekhnologiya  materlalov  dlya  elektrovakuumnykh  priborov 
[Technology  of  Materials  for  Vacuum  Devices].  Translated  from  English, 
Moscow’Leningrad,  1957;  Vakuumnoye  oborudovanlye  i  vakuumnaya  tekhnika 
[Vacuum  Equipment  and  Vacuum  Technology],  A.  Gutrle  and  R.  Walkerling, 
editors,  translated  from  Ehglish,  Moscow,  1951;  Espe,  W. ,  Werkstoffkunde 
der  Hochvakuumtechnik,  Vol.  1,  Berlin,  1959. 

E.  N.  Martinson 
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GLASS  (inorganic)  -  a  material  obtained  on  cooling  of  a  nonmetal- 
11c  melt,  taking  the  form  of  an  amorphous,  Isotropic,  brittle,  more  or 
less  transparent  body  having  the  mechanical  characteristics  of  a  solid 
as  a  result  of  a  gradual  Increase  In  Its  viscosity.  The  process  by 
which  the  melt  is  converted  from  the  liquid  state  to  the  solid  vitre¬ 
ous  state  should  be  reversible. 

The  principal  commercial  types  of  Inorganic  glass  and  their  chief 
vitrifying  components  are  shown  in  Table  1. 


TABLE  1 
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l)  Type  of  glass;  2)  principal  vitrifying  components;  3)  silicate;  4) 
aluminosilicate;  5)  borosilicate;  6)  boroaluminosilicate;  7)  borofluoro- 
alumlnoslllcate;  6)  alumlnophosphate;  9)  aluminoslllcophosphate;  10) 
slllcotltanate;  ll)  sllicozirconate;  12)  silicon  dioxide;  13)  aluminum 
oxide  and  silicon  dioxide;  14)  boron  anhydride  and  silicon  dioxide;  15) 
boron  anhydride,  aluminum  oxide,  and  silicon  dioxide;  16)  boron  anhy¬ 
dride,  fluorine,  aluminum  oxide,  and  silicon  dioxide;  17)  aluminum 
oxide  and  phosphoric  anhydride;  18)  aluminum  oxide,  silicon  dioxide, 
and  phosphoric  anhydride;  19)  silicon  dioxide  and  titanium;  20)  silicon 
dioxide  and  zirconium. 


The  first  four  types  of  glass  are  particularly  widely  used. 

In  addition  to  vitrifying  components,  the  majority  of  glasses  also 
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contain  various  metal  oxides  (of  lithium,  calcium,  potassium,  sodium, 
magnesium,  lead,  iron,  etc.)*  Inorganic  glass  does  not  have  an  ordered 
crystal  structure  and  is  characterized  by  an  Isotropic  structure  and 
high  brittleness.  It  does  not  melt  like  a  crystal  on  heating,  l.e., 
does  not  have  a  definite  melting  point,  but  displays  a  certain  soften¬ 
ing  range,  which  depends  on  its  nature  (composition).  At  temperatures 
above  1000°  glass  is  found  either  in  a  dispersed  liquid  state  or  in  a 
laminar  vitreous  melt,  which  is  referred  to  as  a  vitreous  mass.  When 
the  temperature  is  reduced  the  viscosity  of  this  mass  increases  until 
it  has  completely  hardened  and  passed  into  the  brittle  vitreous  state, 
i.e. ,  glass.  The  vitrification  temperature  (Tg),  at  which  this  transi- 
tion  occurs,  corresponds  to  a  viscosity  of  the  order  of  10  J  poises;  at 
the  softening  temperature  Tf  the  viscosity  of  glass  is  approximately 
109  poises.  At  glass  begins  to  exhibit  the  characteristics  typical 
of  its  liquid  state.  The  Interval  between  Tg  and  Tf,  which  is  called 
the  softening  interval,  is  a  transition  region  within  which  glass  ex¬ 
ists  in  a  highly  viscous  plastic  state;  the  extent  of  this  interval  de¬ 
pends  on  the  chemical  composition  of  the  glass  and  may  vary  from  sever¬ 
al  tens  to  hundreds  of  degrees.  The  viscosity  of  ordinary  commercial 
silicate  glasses  ranges  from  10  to  10  J  poises.  The  viscosity  of  glass 

is  most  greatly  altered  at  800-1100°.  Articles  are  molded  from  the  Vi¬ 
'S  Q 

treous  mass  over  the  viscosity  range  10-4*10  poises. 

The  surface  tension  of  the  vitreous  mass  is  approximately  3-4  times 
tha  "  water  and  is  comparable  to  that  of  molten  metals.  The  surface 
tension  of  the  most  common  silicate  glasses  at  900-1300°  is  200-350 
dynes/cm;  on  cooling  and  transition  to  the  brittle  temperature  range 
the  surface  tension  rises  sharply,  to  1200  dynes/cm  or  more.  In  prac¬ 
tice,  crystallization  of  silicate  glasses  occurs  only  at  temperatures 

above  Tg.  The  temperature  range  800-1100®  is  the  roost  dangerous  for 
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crystallization  of  commercial  glasses.  The  specific  gravity  of  glass 
usually  ranges  from  2.2  (for  light  borosllicate  crown  glasses)  to  6.5 
(for  heavy  flint  glasses).  The  specific  gravity  of  commercial  plate 
glass  is  2. 5-2. 6,  while  that  of  quartz  glass  is  2.3.  The  strength  and 
elasticity  of  mass-produced  glass  vary  within  wide  limits.  Glass  has  an 

ultimate  strength  on  compression  o_b  -  50-200  kg/mm ,  on  extension 

2  2 
ob  -  3-7  kg/mm,  and  on  bending  olzg  -  3-10  kg/tan  ,  an  impact  strength 

0^  ■  1.5-2. 5  kg • cm/cm  ,  a  modulus  of  elasticity  (Young's  modulus)  E  ■ 

2 

=  4500-8500  kg/nm  ,  and  a  Poisson  constant  \l  -  0. 180-0.320.  Por  com- 

2  2 

mercial  plate  glass  ob  «  -60-70  kg/nm  ,  olzg  «  5-10  kg/nm  ,  E  «  6500-7200 
kg/nm  ,  and  \i  *  0.22-0.25.  Quartz  and  alkali-free  glasses  have  higher 
mechanical  characteristics,  while  glasses  with  an  elevated  content  of 
lead,  sodium,  and  potassium  oxides  have  lower  characteristics.  The 
technical  tensile  and  bending  strengths  of  ordinary  commercial  glasses 
are  less  than  their  theoretical  strengths  by  a  factor  of  100-300,  the 
latter  equaling  approximately  1000-1200  kg/nm  .  Glass  is  virtually  in¬ 
capable  of  undergoing  plastic  deformation  and  has  an  especially  low  ten¬ 
sile  strength  (less  by  a  factor  of  10-15  than  its  compressive  strength). 
The  brittleness  of  glass  is  very  high  in  comparison  with  that  of  other 
materials. 

Fracture  of  glass  usually  begins  at  the  surface  and  is  associated 
with  development  and  propagation  of  superficial  and  internal  cracks, 
which  form  so-called  foci  of  brittle  fracture.  The  surface  strength  of 

o 

commercial  plate  glass  on  symmetric  bending  is  9-15  kg/m  .  The 

o 

strength  of  the  internal  layers  of  glass  is  25-30  kg/nm  ;  the  ratio  of 
the  strength  of  the  internal  layers  to  that  of  the  surface  layer  amounts 
to  2. 5-3* 5*  The  technical  strength  of  glass  is  governed  principally  by 
the  strength  of  its  surface  layer,  since  extremely  dangerous  superfi¬ 
cial  defects  are  generally  concentrated  in  this  layer.  In  addition,  it 
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is  the  surface  that  is  primarily  subject  to  the  action  of  the  surround¬ 
ing  medium  (moisture,  gases)  and  during  deformation  by  bending,  which 
is  the  type  of  deformation  most  frequently  encountered  under  operational 
conditions,  the  greatest  stresses  are  at  first  Bet  up  at  the  surface, 
i.e. ,  in  that  layer  in  which  the  majority  of  the  initial  cracks  that 
eventually  destroy  the  material  are  formed.  The  strength  of  glass  con¬ 
sequently  depends  to  a  large  extent  on  the  method  by  which  It  is  pro¬ 
duced  and  processed.  Strength  characteristics  vary  within  very  wide 
limits  and  depend  on  the  geometric  shape,  size  (volume,  thickness),  and 
surface  condition  of  the  specimens  (glass  articles)  being  tested,  as 
well  as  on  the  strength-determination  method  (the  manner  in  which  the 
specimens  are  loaded)  and  the  loading  time. 

Fatigue  is  due  chiefly  to  surface  adsorption  of  water  vapor  and 
gases,  which  promote  formation  and  propagation  of  superficial  micro¬ 
cracks  during  mechanical  fracture.  In  comparison  with  annealed  glass, 
quenched  glass  (sheets  6  mm  thick)  have  a  higher  resistance  to  static 
loads  (by  a  factor  of  3-4),  a  higher  impact  strength  (by  a  factor  of 
5-7),  and  a  lower  modulus  of  elasticity  (by  5-73*).  The  Mohs  hardness  of 
glass  is  4-8;  ordinary  commercial  glasses  have  a  hardness  of  approxi¬ 
mately  5,  their  microhardness  ranging  from  500  to  800  kg/fem2.  The  heat 
capacity  of  glass  rises  slightly  as  it  is  heated  to  T  and  increases 

IS 

rapidly  over  the  Interval  Tg-Tf.  The  heat  capacity  of  various  glasses 
ranges  from  0.08  to  0.25  cal/g**C  at  15-100*;  that  of  commercial  plate 
glass  is  0.20-0.22  cal/g»*C.  The  heat  capacity  of  glasses  with  a  high 
content  of  barium  or  lead  oxides  is  materially  reduced  (to  0.08  cal/ 
/S**C),  but  can  be  raised  by  Increasing  the  content  of  boron,  sodium, 
and  lithium  oxides.  The  thermal  conductivity  of  glass  is  exceptionally 
law  in  comparison  with  that  of  other  solids,  the  conductivity  factor 
ranging  from  0.0016  to  0.0032  cal /ca*  sec* *C  for  various  glasses.  Quartz 
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and  borosilicate  glasses  have  the  highest  thermal  conductivity,  while 
lead  and  barite  glasses  have  the  lowest.  The  thermal  conductivity  of 
glass  can  be  raised  by  a  factor  of  approximately  2  by  heating  it  to  the 
softening-initiation  temperature;  it  rises  still  further  at  temperatures 
above  800°,  colorless  (transparent)  glasses  having  a  considerably  high¬ 
er  "thennal  transparency"  than  colored  glasses  (especially  those  con¬ 
taining  cobalt,  chromium,  iron,  or  manganese  oxides). 

The  coefficient  of  linear  expansion  of  glasses  with  different  com- 

-7  -7 

positions  varies  from  5*10  '  to  150*10  '  over  the  temperature  range 
15-100°.  Increasing  the  content  of  silicon,  boron,  titanium,  zirconium, 
beryllium,  and  zinc  oxides  materially  reduces  the  thermal  expansion  of 
glass;  barium,  lead,  sodium,  potassium,  and  lithium  oxides  considerably 
increase  its  thennal  expansion.  The  coefficient  of  thennal  expansion 
of  quenched  glasses  is  usually  somewhat  higher  (by  2-55*)  than  that  of 
well-annealed  glasses.  The  heat  resistance  of  commercial  glasses  is 
shown  in  Table  2.  The  overwhelming  majority  of  glasses  (especially 
thick  glasses)  have  a  low  heat  resistance. 


TABLE_2 

t 

Tifwmrm 

(nlnrtk 

*  rc) 

•«-»» 

r»  rr~T7 — »nr— — 

IH 

*  11,2  : 

II* 

1(9 

m  l»M 

1)  Type  of  glass;  2)  heat  resistance  (°C);  3)  commercial  plate  glass; 

4)  low-alkali  13-v;  5)  thermometric  600;  6)  chemical-laboratory  Ts-32; 
7)  the  same.  Ho.  23;  8)  "Pyrex"  (NKR-1) ;  9)  quartz  glass. 

The  chemical  stability  of  glass  depends  on  its  composition,  the 
reagent  to  which  It  is  exposed,  the  temperature,  its  thennal  history, 
and  the  condition  of  its  surface.  Chemical  reagents  can  be  divided  into 
two  groups  in  accordance  with  the  nature  of  their  action  on  glass:  the 
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TABLE  3 


1  Uh.iu  rfrmiji 

no  j 

V 

2Knopncm«' . 

1.4584 

87 ,8 

3JlHCro«oe . 

1  .52-1,5.1 

55- 5H 

♦r.BBIIHOBHfl  IpyiTilJlb  .  . 

t  ,bb-\ .6*1 

4*1—45 

S  OliniHCCKHC  . 

!  1 

1  .48-1. 86 

20  —  7 1 

l)  Type  of  zlass;  2)  quartz; 
3)  plate;  4j  lead  crystal; 

5)  optical. 


first  group  (humid  air,  water,  acid  solutions,  solutions  of  neutral  or 
acidic  salts)  participate  in  hydrolytic  and  ion-exchange  reactions  with 
the  vitreous  silicates  to  form  a  film  consisting  of  the  decomposition 
products  of  glass  on  the  surface;  as  this  film  is  formed  it  protects 
the  surface  from  further  decomposition.  The  second  group  [solutions  of 
hydroxides  (alkalies),  carbonates  (especially  soda  and  potash),  phos¬ 
phates  (especially  H^PO^),  and  hydrofluoric  acid]  intensively  decompose 
ti.  silicon  dioxide  and  silicates  at  the  surface  of  the  glass  without 
forming  a  protective  surf  e  layer.  Chemical  reagents  can  be  arranged 
in  the  following  order  in  accordance  with  the  intensity  of  their  des¬ 
tructive  effect  on  glass:  hydrofluoric  acid  phosphoric  acid  -►alkali 
solutions  solutions  of  alkali  carbonates  -+  acids  -►  water.  The  loss  in 
weight  of  glass  amounts  to  0.5-1. 5#  in  alkaline  media  and  0.01-0.1#  in 
acids.  The  chemical  stability  of  glass  can  be  materially  increased  by 
raising  its  content  of  silicon,  zirconium,  titanium,  boron  (to  12#), 
aluminum,  calcium,  magnesium,  and  zinc  oxides  or  by  partially  replacing 
its  sodium  oxide  with  potassium  oxide;  its  stability  is  markedly  re¬ 
duced  when  its  contend  of  lithium,  sodium,  potassium;  barium,  and  lead 
oxides  is  increased.  The  decomposition  of  glass  under  the  action  of  any 
reagent  13  greatly  intensified  when  the  temperature  is  raised;  decom¬ 
position  is  increased  by  a  factor  of  1.5-2. 5  for  every  10°  of  rise  in 
temperature  (up  to  100°).  The  most  intensive  decomposition  of  glass  oc- 
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curs  at  temperatures  above  100°,  especially  under  elevated  pressure 
(in  boilers,  autoclaves,  etc.). 

The  electrical  characteristics  of  glass  mark  it  as  a  dielectric. 
The  deep  electrical  conductivity  of  ordinary  commercial  glasses  is 
quite  low  (from  10“10  to  10“  ^  ohm"1*cm“^)  at  temperatures  of  up  to 
200°,  so  that  many  glasses  (quartz,  borosilicate,  etc.)  are  good  di¬ 
electrics  and  are  used  as  insulators.  Electrical  conductivity  increases 

O  t 

by  a  factor  of  approximately  10-10  at  200-400°  and  rises  sharply 

above  600°,  reaching  0. 2-1.0  ohm”'1' -cm”1  for  molten  glasses.  Thus,  for 

-1^  -14 

example,  the  deep  conductivity  of  commercial  plate  glass  is  10  -10 

ohm-1. cm-1  at  room  temperature  and  increases  to  0.3-1. 1  ohm-1. cm-1  at 
1400-1450°.  The  lowest  dielectric  permeability  e  is  displayed  by  quartz 
glass  (3- 7-3- 8)  and  vitreous  boron  anhydride  (3. 1-3. 2).  As  the  content 
of  alkali-  and  heavy-metal  ions  (especially  those  of  lead  and  barium) 
is  raised  e  steadily  increases  to  a  value  of  the  order  of  15.  The  di¬ 
electric  permeability  of  the  majority  of  commercial  glasses  ranges  from 
5  to  9.  It  increases  as  the  temperature  is  raised,  this  phenomenon  be¬ 
ing  especially  pronounced  at  temperatures  above  200°  and  at  low  fre¬ 
quencies.  As  the  electric-field  frequency  is  increased  from  10^  to  10^ 
cps  e  is  reduced  by  approximately  10$.  In  glasses  with  different  chemi¬ 
cal  compositions  the  tangent  of  the  angle  of  dielectric  loss  varies 
fron  0  (for  clear  quartz  glass)  to  175*10“^  (for  sodium- calcium  alumi¬ 
nosilicate  glass).  Quenching  of  glass  makes  its  dielectric  losses  ap¬ 
proximately  2  time  as  great  as  those  of  normally  annealed  glass  of  the 
same  composition.  The  dielectric  strength  of  certain  commercial  glasses 
ranges  from  29  kv/mm  (commercial  plate)  to  80.0  kv/mm  (clear  quartz 
glass)  at  ordinary  temperatures  and  a  frequency  of  50  cps. 

The  optical  characteristics  of  glass  depend  principally  on  its 
chemical  composition,  the  condition  of  its  surface,  and  the  type  of 
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heat  treatment  to  which  it  has  been  subjected.  The  index  of  refraction 
and  dispersion  of  glass  characterize  its  ability  to  refract  and  scatter 
visible  light  rays.  Optical  constants  are  especially  important  for  op¬ 
tical  glass.  Table  3  shows  the  maximum  and  minimum  indices  of  refrac¬ 
tion  (n^)  and  dispersion  factors  (v)  for  different  commercial  glasses. 

Increasing  the  content  of  silicon,  phosphorous,  aluminum,  or 
fluorine  oxides  leads  to  a  decrease  in  n^  and  a  rise  in  v.  When  lead, 
titanium,  antimony,  and  tungsten  oxides  are  added  n^  is  greatly  in¬ 
creased  and  v  is  considerably  reduced.  Barium,  calcium,  zinc,  and  cad¬ 
mium  oxides  also  cause  a  sharp  rise  in  n^,  but  greatly  reduce  v.  Bire¬ 
fringence  is  determined  from  the  path  difference  (in  mp/cm)  or  the  dif¬ 
ference  in  indices  of  refraction  of  the  rays  into  which  a  light  ray 

passing  through  birefringent  glass  is  decomposed;  in  practice,  a  dif- 

— 

ference  in  indices  of  refraction  of  1:10  corresponds  to  a  path  dif¬ 
ference  of  10  mp./cm.  The  permissible  residual  internal  stresses  for 
well-annealed  glass  articles  should  not  exceed  0.05,  i.e.,  5J#  of  the 
ultimate  tensile  strength  of  the  glass,  which  corresponds  to  a  bire¬ 
fringence  of  50-60  mp,/cm.  The  birefringence  of  quenched  glass  (automo¬ 
bile,  etc.)  reaches  1300-1600  mp/cm. 


TABLE  4 


1 

OTpamaiomMA  MaTepnaji 

2ll0Ka- 

38TCJ!b 

npe- 

jioMJie- 

HMfl 

3 

K08<M>HaHeHT 
OTpameHHH 
caera  ot  03ho# 
noaepxHOCTit 

4  Boaa  . 

1  .33 

2 

3  npOMMnjJIPMIlOC  JTHCTOBOf 

CTTKJ10  OdUlHoro  COCTflBfl 

I.b3 

4.3 

6  C.MUmOBOe  CTPKJJO  4>J1HI(T 

<®> . 

I  ,60 

3.3 

7  O.nHHnosop  crtKJio  ramc- 

JIN#  $J1HHT  (T9)  .... 

1  .63 

6,1 

>  To  me  . 

1  ,90 

9.2 

4  A.ixaa  . 

mh 

17 

l)  Reflective  material;  2)  index  of  refraction;  3)  refraction  coeffi¬ 
cient  for  one  surface;  4)  water;  5)  commercial  plate  glass  of  the  usual 
composition;  6)  lead  flint  glass  (P);  7)  heavy  lead  flint  glass  (TP); 

8)  the  same;  9)  diamong. 
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TABLE  5 
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CuO, 

CNiie-acxflnan 

1 1  MX  BMtHO* 

( ^uTo-roaytax 

CoO 

Chiixx  nnn  (jmono- 
;5  Toaan 

Cu 

PyOxHOMX 

MnO 

QiaBo-wcnrax 

Fe,0, 

JKtimn  13 

Mn.O. 

6Dh(MWTOMH 

Feo 

CNiie-acaenax  l 

Cr.O, 

73eaeMO-wcJrra« 

Au 

PyOXHoasa 

FeS 

Xcjrrax,  paanxq- 

CdS— 

Ot  mexTuR  no 

St 

8  hmx  orrcriKoe 

CdSe  j 

<  pyCxHoaol 
(qepea  opaii- 
meayio) 

P030MH 

9 

uo. 

HCuiTo-aenenax 
16  |tiniooi>ecnB- 
pyioma/i 

1)  Type  of  stain  in  glass;  2)  color  imparted  to  glass;  3)  red-violet 
(potassium  glasses);  or  hellow-brown  (sodium  glasses);  4)  blue  or  violet 
5)  light  yellow;  6)  violet;  7)  greenish-yellow;  8)  yellow  of  varying 
hue;  9)  reddish;  10)  yellow-orange;  11)  blue-green  or  greenish-blue; 

12)  ruby  red;  13)  yellow;  14)  blue-green;  15)  from  yellow  to  ruby  red 
(through  orange);  16)  fluorescent  blue-green. 

TABLE  6 


1 

KoatMiRox- 
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2  HHH 

3  HHH 
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83-82 

ho«  (onanoBoe  h  xonoq- 
h<*>  16 . 

70—40 

10-20 

1)  Commercial  glasses;  2)  light-transmission  factor:  3)  light-absorp¬ 
tion  factor;  4)  optical  glass  (different  categories);  5)  technical  high- 
transparency  plate  glass;  6)  lead  crystal;  7)  plate  glass  for  illumina¬ 
tors  and  inspection  windows,  water-gauge  glasses  (smooth)  for  boilers; 

8)  polished  commercial  plate  glass,  automobile  glass,  etc. ;  9)  window 
glass;  10)  translucent  glass  for  illumination  engineering  (opal  and 
milk  glass). 


The  refraction  and  scattering  of  light  are  governed  by  the  index 
of  refraction,  the  angle  of  Incidence  of  the  light  rays,  and  the  chemi¬ 
cal  uniformity  and  surface  condition  (processing  quality)  of  the  glass. 
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Table  4  shows  the  Influence  of  Index  of  refraction  on  reflection  coef¬ 
ficient  for  light  rays  perpendicularly  Incident  In  air. 

The  refraction  of  light  from  a  completely  smooth,  well-polished 
glass  surface  is  minimal  and  optically  regular  (mirror  reflection). 

Light  scattering  glasses  usually  have  a  high  coefficient  of  diffuse 
refraction,  that  for  glass  with  a  mat  finish  being  10-20$,  tte  t  for 
translucent  glasses  (opal  glass)  20-30$,  and  that  for  milk  glasses 
30-40$.  The  qualitative  and  quantitative  character  of  light  absorption 
depends  on  the  wavelength  of  the  light  rays  passing  through  the  glass, 
the  chemical  composition  and  color  of  the  glass,  and  the  length  of  the 

optical  path  traversed  by  the  rays  in  the  glass.  Ordinary  commercial 

% 

plate  glass  (colorless)  has  the  lowest  absorption  for  visible  light 
with  a  wavelength  of  520-530  mp.,  i.e.,  in  the  green  portion  of  the 
spectrum;  this  is  due  specifically  to  the  greenish  tint  of  thick  glass. 
The  selective  absorption  exhibited  by  colorless  glasses  is  especially 
pronounced  in  the  invisible  portions  of  tV  spectrum.  As  a  rule,  com¬ 
mercial  colorless  glasses  containing  0.05-0.1$  iron  oxides  intensively 
absorb  rays  in  the  ultraviolet  and  infrared  portions  of  the  spectrum, 
while  glasses  with  a  high  content  of  lead  and  barium  oxides  intensively 
absorb  x-  and  y-rays.  The  ultraviolet  absorption  of  glass  is  materially 
reduced  when  its  content  of  silicon,  boron,  and  phosphorous  oxides  is 
increased  and  when  iron  and  titanium  oxides  are  absent.  Glass  with  a 
high  content  of  lead,  titanium,  or  antimony  oxides  intensively  absorbs 
ultraviolet  rays.  Glass  consisting  of  boron,  beryllium,  and  lithium 
oxides  absorbs  virtually  no  x-rays.  Presence  of  substantial  quantities 
of  ferric  oxide  greatly  increases  the  absorptive  capacity  of  glass  in 
the  Infrared  region  of  the  spectrum.  Quartz  and  chalcogenide  glasses 
have  a  low  infrared  absorption.  Selective  absorption  in  the  visible 
portion  of  the  spectrum  is  especially  pronounced  in  colored  glasses  con- 

1730 


III-ll6alO 

tainlng  staining  oxides  or  components.  As  a  result  of  their  nonuniform 
absorption  of  visible  light  with  different  wavelengths,  such  glasses 
have  a  varying  spectral  transmissivity  and  appear  to  be  different  col¬ 
ors  in  transmitted  white  light  (Table  5). 

Table  6  shows  the  average  white-light  absorption  and  transmission 
factors  (per  cm  of  ray  path  or  glass  thickness)  for  certain  commercial 
glasses. 

The  transmissivity  of  sheet  window  glass  2  mm  thick  is  Qj%,  while 
that  of  glass  6  mm  thick  drops  to  84$. 

References :  Stekloobraznoye  sostoyaniye  [The  Vitreous  State], 

Trudy  Tret’yego  Vses.  soveshchaniya  [Transactions  of  the  Third  All-Un¬ 
ion  Conference],  Leningrad,  16-20  November  1959,  Moscow-Leningrad,  I960; 
Botvinkln,  O.K. ,  Fizicheskaya  khimiya  sillkatov  [Physical  Chemistry  of 
Silicates],  2nd  Edition,  Moscow,  1955*  Appen.  A. A.  Raschet  svoystv 
silikatntkh  stekol  [Calculation  of  the  Characteristics  of  Silicate 
Glasses],  Moscow,  1956;  Idem.  KhNiP,  1958*  Vol.  3*  No.  1,  page  37; 
Bartenev,  G.M.,  Mekhanicheskiye  svoystva  i  teplovaya  obrabotka  stekla 
[Mechanical  Characteristics  and  Heat  Treatment  of  Glass],  edited  by 
I.I.  Kitaygorodskiy,  3rd  Edition,  Moscow,  1961;  Pavlushkin,  N.M. , 
Sentyurln,  G. G. ,  Praktikum  po  tekhnologil  stekla  [Handbook  of  Glass 
Technology],  Moscow,  1957;  Matveyev,  M.A.,  Kleymenov,  B. A. ,  Raschety 
po  tekhnologil  stekla  [Calculations  for  Glass  Technology],  2nd  Edition, 
Moscow-Leningrad,  1938*  Steklo  v  stroitel ' stve  [Olass  in  Construction], 
collection  of  articles,  translated  from  Czech,  Moscow,  1961;  Kitaygorod¬ 
skiy,  I.I. ,  Sil  * vestrovlch,  S.I.,  Zhumal  Vses.  Khim.  o-va  [Journal 
of  the  All-Union  Chemical  Society],  1961,  Vol.  6,  No.  6,  pages  635-642; 
Stevels,  J. ,  Elektrlcheskiye  svoystva  stekla  [Electrical  Characteris¬ 
tics  of  Glass],  translated  from  English,  Moscow,  1961;  Sil 1 vestrovlch. 
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S.I. ,  Steklo  [Glass],  In  book:  Spravochnlk  po  mashinostroitel'nym  ma- 
terlalam  [Handbook  of  Machine-Building  Materials],  Vol.  4,  Moscow,  I960, 
Ch.  11;  Spravochnlk  po  proizvodstvu  stekla  [Handbook  of  Glass  Produc¬ 
tion],  edited  by  I. I.  Kitaygorodskiy  and  S.I.  Sll'vestrovlch,  Vcls.  1-2 
Moscow,  1963. 


S.I.  Sil 'vestrovich 


III-122S 


GLASS-CERAMIC  MATERIALS  -  artificial  stones  combining  vitreous  and 
crystalline  phases  in  different  ratios.  The  characteristics  of  these 
materials  depend  on  the  properties,  ratio,  and  relative  distribution  of 
the  phases.  Glass-ceramic  materials  are  manufactured  by  both  ceramic  and 
glass-making  techniques,  this  being  due  to  the  close  relationship  be¬ 
tween  glass  and  ceramics  and  between  the  processes  involved  in  glass 
?nd  ceramic  production.  Ceramic  materials  are  formed  by  sintering  the 
charge  components,  while  glass  is  formed  by  fusing  these  components. 
Since  a  certain  amount  of  liquid  accumulates  during  sintering,  ceramic 
materials  contain  glass  as  well  as  a  crystalline  phase.  On  the  other 
hand,  glass  may  crystallize  to  a  greater  or  lesser  extent.  In  order  to 
produce  glass-ceramic  materials  with  the  requisite  characteristics  by 
glass-making  or  ceramic  methods  it  is  necessary  to  employ  special  tech¬ 
nological  procedures  that  ensure  the  proper  ratio  and  composition  of 
the  vitreous  and  crystalline  phases  and  provide  the  correct  material 
structure.  In  using  the  ceramic  method  one  such  procedure  involves 
synthesis  and  preparation  of  the  crystalline  phase  and  addition  of  pow¬ 
dered  glass  with  a  specially  selected  composition  to  the  sintered  mix¬ 
ture.  This  procedure  is  called  glass-cement  binding  and  the  materials 
obtained  are  called  glass-cement  ceramics  (see  Crystalline  ceramics). 
Production  of  glass-ceramic  materials  by  glass-making  techniques  con»- 
oxats  in  fabrication  of  glass  articles  by  the  usual  methods  and  subse¬ 
quent  crystallization  by  heating  under  definite  regimes.  This  process 
is  based  on  the  catalytic  crystallization  of  glass,  in  which  heating 
creates  surfaces  of  phase  separation,  which  promote  formation  of  a  large 
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number  of  crystallization  centers  throughout  the  entire  glass  mass.  A 
large  number  of  crystallization  centers  results  in  formation  of  a  uni¬ 
form  fine-grained  structure  as  a  result  of  crystallization  and  conse¬ 
quently  makes  it  possible  to  obtain  high-quality  materials.  Surfaces  of 
phase  separation  are  formed  during  heat  treatment  of  the  glass,  either 
as  a  result  of  introduction  of  additives  (Cu,  Au,  Ag,  Pt,  etc. )  that 
precipitate  in  finely  dispersed  form  throughout  the  glass  or  as  a  re¬ 
sult  of  selection  of  a  glass  composition  capable  of  microliquation;  the 
latter  apparently  serves  both  to  create  surfaces  of  separation  and  to 
form  microphase3  with  a  high  crystallization  capacity.  Finely  dispersed 
particles  not  only  set  up  surfaces  of  separation,  but  promote  micro¬ 
liquation.  Materials  of  diverse  character  can  be  obtained  by  varying 
the  chemical  composition  of  the  glass  and  the  heat-treatment  tempera¬ 
ture  and  time. 

Glass-ceramic  materials  obtained  by  glass-making  techniques  and 
subsequent  crystallization  are  called  sitalls  in  the  USSR  (see  Sitalls), 
pyrocerams  in  the  USA,  and  vitrocerams  in  the  German  Federal  Republic. 
Thus,  these  materials  include  glass-cement  ceramics,  which  are  obtained 
by  the  ceramic  method,  and  Sitalls,  which  are  obtained  by  glass-making 
techniques.  Among  the  products  fabricated  from  them  are  glass-cement 
abrasive  di3ks,  which  are  used  for  rapid  machining  of  metals  and  yield 
2-2.5  times  better  results  in  polishing  glass  than  abrasive  tools  fab¬ 
ricated  with  other  types  of  binders.  Glass-ceramic  materials  also  in¬ 
clude  electrical  vacuum  and  high-frequency  ceramics  and  aerial  insula¬ 
tor  holders,  glasses  or  frits  with  special  composition  being  used  as 
binders  for  the  latter.  The  Sitall  method  opens  up  broad  prospects  for 
the  manufacture  of  various  materials  of  this  type.  Glass-ceramic  mater¬ 
ials  produced  by  this  method  are  used  for  structural,  sanitary-engineer¬ 
ing,  architectural-decorat lve,  scultural,  road-building,  and  sound-  and 
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heat-insulating  products,  piping,  machine-building,  instrument,  radio, 
and  electronic  components,  economical  high-hot-strength  vessels  and 
bottles  for  the  home,  etc.  Glass-ceramic  materials  can  be  manufactured 
from  slag  and  ash,  rock,  and  nonmetallic  minerals,  as  well  as  from 
chemical  raw  materials.  The  American  pyrocerams  9605  and  9606  are  pro¬ 
duced  in  this  manner  and  have  the  following  characteristics:  specific 
gravity  -  2.62  and  2.60  respectively,  softening  temperature  -  1350°  and 
1250°,  coefficient  of  thermal  expansion  (20-300°)  -  14*10~^  and  57*10“^, 
bending  strength  -  2590  and  2240  kg/mm2,  dielectric  constant  at  10^  cps 
6.1  and  5.6,  and  loss  factor  —  0.010  and  0.014.  The  characteristics  of 
glass-ceramic  materials  may  vary  within  wide  limits. 

References:  Kitaygorodskiy,  I. I.,  DAN  SSSR  [Proceedings  cf  the 
Academy  of  Sciences  USSR],  1945#  Vol.  48,  No.  8,  page  591;  Kitaygorod¬ 
skiy,  1. 1.,  Bondarev,  K.T. ,  Priroda  [Nature],  1962,  No.  9;  Hlnz,  W. , 
Kunth,  P.-O. ,  Glastechn.  Ber.  [Glassmaking  Reports],  1961,  Vol.  34,  No. 
9,  pages  431-437;  Krishna,  Murthy  M. ,  J.  Amer.  Ceram.  Soc.,  196l,  Vol. 
44,  No.  8,  pages  412-417;  Zgonnik,  N.P. ,  Issledovaniye  frittovannykh 
svyazok  abrazivnogo  Instruments  [Investigation  of  the  Fritted  Bonds  of 
an  Abrasive  Tool],  Leningrad,  1952  (Dissertation);  Berezhnoy,  A. I., 
Svetochuvstvltel'nyye  stekla  i  steklokrlstalllcheskiye  materlaly  tipa 
"pirokeram"  [Light-sensitive  Glasses  and  Crystalline  Glass  Materials 
of  the  "Pyroceram"  type],  Moscow  i960 

Ts.N.  Gurevich 
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see  Fiberglass. 
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GLASS  FIBER  -  fiber  obtained  from  molten  glass  which  has  a  smooth 
surface  and  strictly  cylindrical  shape  over  the  entire  length.  The  main 
forms  of  glass  fiber  are:  continuous  20  and  more  kilometers  long  and 
staple  from  5  to  50  cm  [long].  Continuous  glass  fiber  and  products  made 
from  it  in  the  form  of  threads,  fabrics  and  nonwoven  materials  are  used 
for  power  designs.  By  its  external  form  glass  fiber  is  similar  to  silk, 
and  is  processed  on  textile  industry  equipment.  Materials  from  staple 
glass  fiber  (cotton  and  wool  type)  are  used  for  filtration,  thermal  in¬ 
sulation  and  in  noncrltlcal  structures.  Continuous  glass  fiber  has  the 
smallest  diameter  of  3-9  microns,  the  staple  fiber  can  be  obtained  with 
a  diameter  smaller  than  one  micron  ( ultra thin)  and  2-3  microns  (super- 
thin).  The  continuous  and  staple  fibers  differ  by  the  glass  composition 
(Table  1).  The  selection  of  the  gas  composition  depends  on  the  forming 
conditions,  properties  and  Intended  service  of  the  glass  fiber.  Modem 
t  jnology  also  makes  use  of  nonorganlc  glass  fiber  which  has  a  high 
melting  ten$>erature  (1750-1800*)  such  as  quartz  (SiOg  =  100JJ),  silica 
TABLE  1 

Chemical  Compositions  of  Glasses  Used  for  Glass  Fiber 
Production 
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1)  Glass;  2)  kind  of  fiber;  3)  content  of  oxides  (%); 
V  nonalkaline  aluminum- be rosi  11  cate;  5)  continuous; 
6)  aluminum-magnesium;  7)  same  as  above;  8)  sodium- 
calcium- si  lie  ate;  9)  staple;  10)  sodium- calcium-sili¬ 


cate  No. 


20; 


11)  staple,  ultrathin. 
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(SiC2  =  96-98$)  and  kaolin  (Si02  =  50$  and  A1203  =  50$). 

The  high  mechanical,  heat  resistant,  dielectric  and  thermal  insu¬ 
lating  properties  and  the  chemical  stability  of  glass  fiber  and  pro¬ 
ducts  made  from  it  depend  to  a  substantial  extent  on  the  fiber  diameter 
and  on  the  chemical  composition  of  the  glass. 

The  mechanical  properties  of  glass  fiber  depend  on  the  chemical 
composition  and  the  homogeneity  of  the  glass,  the  method  of  its  produc¬ 
tion,  on  the  surrounding  medium  and  the  temperature.  Glass  fiber  from 
nonalkaline  aluminum-borosilicate  glass  is  the  strongest.  A  high  alka¬ 
line  content  of  glass  sharply  reduces  the  strenth  of  glass  fibers.  The 
strength  of  glass  fibers  is  effected  by  drawing  conditions  and  the  cool- 


TAELE  2 

Properties  of  Glass  Fibers  Obtained  by 
Various  Methods 
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I)  Production  method;  2)  fiber  diameter 
(microns);  3)  strength;  4)  rupture  length 
(km);  5)  ultimate  strength  (kg/mm2);  6T 
rupture  elongation  ($);  7)  spinneret;  8) 
(drawing  the  fiber  from  the  melt  at  a  high 
rate  through  spinnerets;  9)  mold;  10) 
(drawing  from  the  heated  end  of  a  mold); 

II)  blown;  12)  (fiber  obtained  by  blowing 
a  glass  jet  by  air  or  steam). 


ing  rate  (Table  2).  The  surface  defects  substantially  reduce  the 
strength  of  glass  fiber;  as  the  diameter  is  made  smaller,  the  strength 
increases  (Fig.  1).  Crystallization  of  the  glass  and  inhomogeneous  in¬ 
clusions  reduce  the  strength  by  25-30$;  the  strength  of  glass  fibers 
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increases  in  dry  air  and  in  nonpolar  carbon  liquids.  In  moist  air,  in 
water,  water  solutions  of  surface-active  substances  the  strength  of 
glass  fibers  is  reduced  to  50-60$,  but  is  fully  restored  after  drying. 
When  a  deforming  force  is  applied  for  a  long  time,  particularly  in  a 
wet  medium,  fatigue  appears  in  glass  fibers  which  disappears  after  it 
is  made  waterproof,  for  example,  by  organic  s:  i  compounds.  After 

the  load  is  removed  the  strength  of  glass  fibers  is  restored.  Glass 
fiber  withstands  multiple  applications  of  a  tensile  force  provided  that 
this  load  is  periodically  removed  and  that  the  fiber  is  being  deformed 
in  a  nonpolar  hydrocarbon  medium  or  in  air  with  a  low  relative  humi¬ 
dity.  The  mechanism  by  which  the  strength  of  glass  fiber  is  reduced  in 
water  and  in  water  solutions  of  surface-active  substances  is  related  to 
the  adsorption  effect  of  the  medium.  Molecules  of  substances  which  are 
being  adsorbed  on  the  glass  fibers  weaken  forces  which  act  between 
their  surface  elements,  thus  facilitating  the  formation  of  cracks  in 
weak  points  of  the  surface  layer,  which  result  in  destruction  of  the 
fibers.  The  complete  reversibility  of  deformation  after  removal  of  the 
load,  which  is  observed,  is  determined  by  the  gradual  spontaneous  dis¬ 
placement  of  the  adsorbed  molecules  of  the  medium  from  the  surface  mi¬ 
crocracks  of  the  fiber,  and  by  the  closing  of  these  cracks  under  the 
action  of  the  binding  forces  in  the  glass  (Rebinder's  effect).  At 
standard  temperature  and  under  short  duration  loads  glass  fibers  behave 
practically  as  perfect  elastic-brittle  bodies,  being  governed,  up  to 
rupture,  by  Hooke's  law  (Table  3)*  As  the  load  duration  is  increased, 
an  elastic  aftereffect  develops  in  the  glass  fibers  alongside  with  the 
initial  instantaneously  elastic  deformation;  the  magnitude  of  this 
aftereffect  is  small  and  it  depends  on  the  chemical  composition  of  the 
glass  and  the  relative  humidity  of  the  air  (Fig.  2).  The  moisture  also 
has  a  substantial  effect  on  the  flexure  and  abrasion  resistance  of 
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glass  fiber. 

The  adsorption  effect  of  moisture  is  eliminated  at  low  and  high 
temperatures  which  increases  the  strength  of  glass  fibers.  Heat  treat¬ 
ment  (heating  to  400-500°  and  cooling)  of  glass  fiber  and  products  made 
from  it  reduces  their  strength  by  50-70$.  The  composition  of  the  glass 
exerts  an  important  influence  on  the  strength  of  fiber  glass  after  heat 
treatment.  Glass  fiber  from  quartz  glass  and  molten  kaolin  lose  strength 
after  heating  and  cooling  only  at  1100°,  while  asbestos  fibers  are  de¬ 
stroyed  completely  as  early  as  at  500-600°  (Pig.  3).  After  heat  treat¬ 
ment  of  glass  fiber  one  may  observe  that  they  are  compressed,  their 
density  and  indices  of  refraction  are  increased. 

The  chemical  stability  of  glass  fibers  is  inde¬ 
pendent  of  their  diameter,  but  the  absolute  solubility 
of  thin  fibers  is  substantially  higher  than  the  solu¬ 
bility  of  thick  fibers.  The  resistance  of  glass  fiber 
to  chemical  reagents  depends  on  the  glass  composition; 
fibers  from  nonalkaline  aluminum-borosilicate  glass 
are  water  resistant  but  do  not  resist  acids,  articles 
from  sodium-calciura-silicate  glass  are  less  water  re¬ 
sistant,  but  resist  acids  and  alkalis.  Materials  of 
quartz,  silicon  and  kaolin  composition  resist  water,  high-pressure  va¬ 
por  and  various  acids  (except  for  hydrofluoric  and  phosphoric  acids). 


B 

Pig.  2.  Effect  of  relative  humidity  of  air  on  the  elastic  aftereffect 
of  glass  fibers.  1)  Fiber  from  sodium-calcium-silicate  glass;  2)  fiber 
from  nonalkaline  borosilicate  glass.  A)  Elastic  aftereffect;  B)  rela¬ 
tive  air  moisture,  $. 


Fig.  1.  De¬ 
pendence  of 
the  tensile 
strength  (P) 
on  the  glass 
fiber  diame¬ 
ter  (d  is  in 
microns).  1) 
P,  kg/mm2. 
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The  electrical  properties  of  glass  fiber  and  of  products  made  from  them 
depend  on  the  chemical  composition  of  the  glass.  The  introduction  of 

TABLE  3 

Comparative  Data  on  the 
Modulus  of  Elasticity  of 
Glass  Fibers  and  Fibers 
of  Natural  Origin 


Bojiokho 

1 

Moay.it.  ynpyro- 
cni  (iv  mm1) 

3  CTCKflHHiioe  Occme.ioMHoe 

7200-9000 

4  CTenflmiHOO  Uie.io'llioe  .  • 

5000—8900 

5  Xjioiiok  . 

1200 

6  JIen  . 

50u0 

7  HtTypa.iMiufl  mean  .  .  . 

1300 

1)  Fiber ;  2)  modulus  of 
elasticity  (kg/mm2):  3) 
nonalkaline  glass;  4)  al¬ 
kaline  glass;  5)  cotton; 
6)  flax;  7)  natural  silk. 


Fig,  3.  Effect  cf  the  temperature  on  the  strength  of  high- temperature 
resistant  fibers.  1)  Quartz  fiber;  2)  kaolin  fiber;  3)  silicon  fiber; 
4)  asbestos  fiber.  A)  Tensile  strength,  kg/i»im2. 

TABLE  4 

Effect  of  Air  Humidity  on  the  Specific 
Electric  Resistivity  (ohm* cm)  of  Glass 
Fabrics 
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1)  Glass;  2)  relative  air  humidity  (#): 
3)  nonalkaline  aluminum-borosilicate;  4) 
sodium  calcium-silicate. 


alkaline  metal  oxides  into  the  glass  reduces  its  electrical  resistivity 
and  increases  dielectric  losses.  The  electrical  conductivity  of  glass 
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fabrics  at  room  temperature  is  primarily  a  surface  property  and  changes 
under  the  action  of  moisture,  various  hydrophobic  coatings  and  tempera¬ 
ture  (Pig.  4.). 

The  dielectric  permeability  and  the  tangent  of  the  dielectric 
losses  angle  for  products  made  from  quartz  and  silicon  fibers  do  not 
change  as  the  temperature  is  raised  to  700°,  which  makes  it  possible  to 
use  them  as  good  high- temperature  resistant  dielectrics.  Glass  fibers 
and  articles  made  from  them  can  have  good  semiconductor  properties. 

This  is  achieved  by  changing  the  chemical  composition  of  the  glass, 
metallization  and  graphitization.  The  thermal  conductivity  of  products 
from  glass  fibers,  particularly  of  staple  products  (felt,  wool,  plates), 
is  very  low  (0. 03  kcal/m*  hour* °C)  due  to  their  high  volume  porosity. 

The  thermal  conductivity  coefficient  of  glass  fabrics  (0.04-0.05) 
changes  little  at  higher  temperatures,  and  that  of  thin  fabrics  is  sim¬ 
ilar  to  the  coefficient  for  glass  wool,  that  is,  0. 03  kcal/m* hour* °C. 
When  the  temperature  is  raised  to  1000°,  the  thermal  conductivity  coef¬ 
ficient  of  materials  made  from  silicon  and  kaolin  glass  fibers  increases 
and  comprises  0.2  kcal/m*hour* °C.  Depending  on  the  thickness,  density 
and  intertwining,  glass  fibers  have  high  transmission  factor  (up  to 
65$),  reflection  factor  (75-80$)  and  acoustical  absorption  factor  (0.9 
at  sound  wave  frequencies  of  500-2500  cps).  Glass  fibers  and  articles 
made  from  them  are  of  great  importance  as  a  high-strength  reinforcement 
for  plastics  (glass  plastics).  Glass  plastics  are  good  replacements  for 
metals  in  aircraft  construction,  for  air  and  gas  pipelines,  surface 
coating  of  vessels,  machines  and  for  other  purposes  (Tables  5  and  6). 

The  fields  of  utilization  of  glass  fiber  materials  are  given  in 
Table  7. 

Figure  4  (see  page  )  shows  kinds  of  glass  fiber  and  products 
made  from  it. 
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TABLE  5 


Electric  Properties  nf  Glass  Fabrics  and 
Articles  (at  20°) 


VacniHo# 

TanreRc  j 
yPA* 

ripoOllHHOf  HSItpn- 
1^  rneHiia  (*«  mm) 

1 

CPBPOTRMC- 

Hue 

(OM  cm) 

2 

ARMIPKtpHf. 

n  crept.  np« 

3  ,U*'H 

6ct  npo- 

C  IIHTHII 

J AQK1MM 

IfOCflO  ^ 
npf'owrwi^ 
HIHAMH 

ajirooCo- 

i  Dnc*7l»K?TII0e . 

OHaTp**WK*hi.ii»e*0cii- 

21 (t>» 

MO”* 

4—5 

40-45 

arkithoq 

4- 1 G*» 

28-10”* 

4-5 

40-45 

QKe*puei)oe  n  KpewHweM- 

s  Roe . .  .  . 

a-io" 

210- 

4-5 

40-45 

1)  Glass;  2)  specific  volume  resistivity 
(ohm* cm);  3^  tangent  of  dielectric  losses 
angle  at  10  cps;  4)  breakdown  voltage 
(kv/mm);  5)  without  lacquer  impregnation; 
6)  after  lacquer  impregnation;  7)  nonalka- 
lint  aluminum-borosilicate;  8)  sodium-cal- 
cium-silicate;  9)  quartz  and  silicate. 


TABLE  6 


Mechanical  Properties  of  Glass  Plastics  Made  from 
Different  Glass  Fiber  Materials 


Bra  creHAoaojioKHHCToro 

MarepHtha 

1 

CHoaa 

2 

CnaepwaHBe 
cMoau  (%) 

3 

npear  -  npoeHocm 
np«  pacniweHRH&AH 

OAHOHtlipinjieHHlJS 
HATepMAOn  (**««*) 

S  Mryr  HecKatemiuft  as  hktu 
J  A’*  70—80  (5—7  x>c).  B  8  cao- 
wbkbO . .  .  .  . 

3noKCBjHo$e- 

20 

13  000-15  000 

•yWryr  ckjkciihmII  as  hb'B 

1  A'M  70-80  (5—7  mk),  ■  8  can- 
ateKalt . . . 

HOA&.HOR  g 

To  WC  Q 

» 

19,9 

1 4  000-16  000 

JKryr  HecKacmiiu*  aa  hrtm 
9  A „  22-26  (9-1  1  **),  B  10 
raoiKBHoO . 

18.5 

14  000-16  000 

^qHbtb  npyacMta  A’M*I0  (5- 
,  ,  T  mk) . 

» 

18.0 

12  000-14  000 

lUlBHra  HCTHBHBR  yBKIH  (6  MM) 
BB  MBtR  Nh  70—80  (5—7  MK) 

i 

•  13 

npaa»$NpHiB 

24.0 

13  000-15  000 

1  oXa/iet  iMcTBuit  Hi  pyOacHi.a 
AC  CTCKaBMHMX  BBTf 9  (10  MK)  .  . 

58-83 

2  100-  3  000 

jjptoarr  ai  mranvaBHoro  noaoKua 

i  1111-1 

♦tiioatam 

80.0.  o  HBBCpaak- 

1  400-  1  800 

Tiiaak  craKaBBMaa  ubpkb 
TC-8,3-250  .  .  .  . 

15 

Inoi.CBiiKKpe- 

IQ  Hoai.ua* 

HMM  HtnoaHBTe- 
a«M  — rancoM 

16  i0~ka 

7  000-  8  000 

1)  Kind  of  glass  fiber  material;  2)  resin;  3)  resin 
content  (*);  4)  ultimate  tensile  strength  for  unidi¬ 
rectional  materials  (kg/cm2);  5)  uncemented  clusters 
from  threads  with  Nm  70-80  (5-7  microns),  in  8  layers; 
6)  epoxy  phenolic;  7)  cemented  clusters  from  threads 
with  %  70-80  (5-7  microns),  in  8  layers;  8)  same  as 
above;  9)  uncemented  clusters  from  thread  with  Ifyj  22-26 
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(9-11  microns),  in  10  layers;  10)  twisted  thread 
with  Nm  =  10  (5-7  microns);  11)  non-woven  narrow 
strip  (6  mm)  from  thread  with  %  70-80  (5-7  microns); 
12)  rough  canvas  from  chopped  glass  theads  (10  mi¬ 
crons);  13)  PN-3  polyester;  14)  canvas  from  staple 
fiber;  15)  phenol;  16)  80.0  with  a  mineral  filler, 
that  is,  gypsum  30-40;  17)  glass  fiber  of  the 
TS-8/3-250  brand;  18)  epoxy  phenolic. 


TABLE  7 

Fields  of  Application  of  Glass  Fiber  Materials  and  Their  Effectivness 


Products  from  Use.  Resin  content. 

glass  fiber. _ 


Glass  yarn, 
strips,  fabrics, 
cord,  hosiery. 


Insulation  of 
electric  wires 
with  round  and 
retangular  cross 
section,  cables 
and  various 
electric  machin¬ 
ery. 


Increases  the  power  output  of 
engines.  In  combination  with 
heat  resistant  lacquers  it 
makes  it  possible  to  obtain 
class  "VS"  insulation  with  an 
allowable  working  temperature 
of  170°,  and,  together  with 
organosilicon  lacquers,  "S" 
with  250°  and  higher.  Increases 
the  working  temperature,  re¬ 
duces  the  overall  dimensions 
and  weight  of  electric 
machinery. 


Mica  glass 
fiber  (glass 
micanites). 


Insulation  of  Replaces  highly  scarce  mica  and 

stator  windings.  increases  the  strength  and 

breakdown  voltage. 


Glass  fiber 
wastes  in  the 
form  of  alkaline- 
composition  pack¬ 
ing  materials. 


Packing  materials  Increases  the  service  life  of 
for  packing  glands  equipment  in  aggressive  media, 
in  acxd  pumps, 
stopcocks  and  com¬ 
munications 
through  which  the 
aggressive  medium 
passes. 


Glass  fabrics. 


Filter  fabrics  in  Increases  the  service  life  of 
the  chemical  in-  filters  by  a  factor  of  20-30 
dustry.  in  comparison  with  standard 

textile  materials.  Makes  it 
possible  to  filter  hot  acidic 
and  alkaline  solutions,  hot 
gases  anu  also  to  recover  sedi¬ 
ments,  slag,  etc. 


Glass  fabrics.  Special  lighting  Ensures  a  high  reflectivity 

apparatus,  moving  coefficient  and  heat  resistance. 

picture  theater 

screens. 
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Glass  fabrics. 

Drapes  in  radio 
studios,  moving 
picture  workshops, 
radio  receivers, 
etc. 

Ensure  high  acoustical  proper¬ 
ties  and  heat  resistance. 

Dyed  glass 
fabrics. 

Upholstery  of 
aircraft,  vessels, 
as  decorative  and 
camouflage  materi¬ 
al. 

Is  incombustible  in  addition  to 
possessing  all  the  properties 
of  ordinary  textile  materials. 

Glass  felt,  mats, 
wool. 

Heat  insulation  of 
steam  pipelines, 
railroad  cars  with 
Isothermal  cargo 
and  in  shipbuild¬ 
ing. 

Yields  high-quality  insulation 
with  a  low  weight  and  low 
thermal  conductivity  coeffi¬ 
cient. 

Same  as  above. 

Filtering  of  air 
in  air  condition¬ 
ing  installations, 
gas  purification 
in  gas-generator 
fueled  automotive 
vehicles  and 
tractors. 

Substantially  increases  the 
service  life  of  these  installa¬ 
tions  with  an  attendant  reduc¬ 
tion  in  their  weight  due  to  the 
high  volume  porosity  and  chemi¬ 
cal  stability. 

In  battery  cell 
separators. 

Extends  the  service  life  of 
batteries  by  higher  dielectric 
properties,  chemical  stability 
and  volume  porosity. 

Ultrathin  glass 
fiber. 

Insulation  of 
various  engineer¬ 
ing  products 
(sound  absorbers, 
etc.  ) 

Qisures  low  thermal  conductivi¬ 
ty,  low  specific  weight,  high 
acoustical  absorption  factor 
ar.i  heat  resistance. 

Same  as  above. 

Making  of  glass 
paper. 

Makes  it  possible  to  obtain 
paper  with  good  electric  insu¬ 
lation  properties  and  heat  re¬ 
sistance. 

Mixtures  of 
glass  fiber  ma¬ 
terials  with 
plastics. 

Matarials  of  con¬ 
struction. 

Makes  it  possible  to  obtain: 
substantially  higher  heat  re¬ 
sistance  than  that  of  cotton 
fabric  textolite,  an  electric 

strength  higher  by  a  factor  of 
4,  moisture  absorption  lower 
by  a  factor  of  5-8,  strength  up 
to  8000  kg/cm2  for  a  specific 
weight  of  1.6-1.75  and  up  to 
12-14,000  kg/co2  for  unidirec¬ 
tional  clusters  from  cemented 
glas.  threads. 
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Mixtures  of 
glass  fiber  ma¬ 
terials  with 
plastics. 


Insulation  (by  Increase  the  service  life  of 

bitumen  and  gas  and  petroleum  pipelines, 

resin  impregna¬ 
tion)  of  pipes 
in  the  petro¬ 
leum  and  gas 
industries. 


Products  from 
quartz,  kaolin 
and  silicon 
fiber. 


Metallized  glass 
fiber  and  pro¬ 
ducts  made  from 
it. 


High-temperature 
thermal  insula¬ 
tion,  electric 
insulation  and 
heat  protection. 


Ensure  thermal  insulation  of 
equipment  up  to  1200®  in  pro¬ 
longed  service  and  up  to  2000® 
in  short-term  tests.  Retain 
stable  electric  properties 
under  temperature  changes  up 
to  700®.  Have  a  low  thermal 
conductivity  at  room  tempera¬ 
ture  and  in  the  temperature 
interval  of  1000-1500®. 


Semiconductor  Make  it  possible  to  obtain  ma- 

and  current  con-  te rials  with  semiconductor  pro¬ 

ducting  materials,  perties  and  with  high  reflecti¬ 
vity  factors. 


Pig.  4.  Glass  fiber  and  articles  made  from  it.  1)  Twisted  thread;  2) 
staple  yam;  3)  electrical  Insulation  cord  and  strip;  4)  conductors 
with  glass  fiber  insulation;  5)  glass  fabric;  6)  materials  produced 
with  glass  fabrics  as  a  base  (glass  textolite,  glass  micanite,  rubber¬ 
ized  glass  fabric). 


References:  Aslanova,  M.$>,  Proizvodstvo  steklyannogo  volokna, 
steklyannykh  pienok  i  isdoliy  iz  nikh  ( Production  cf  Glass  Fiber,  Glass 
Films  and  Products  Made  From  Them],  in  the  book:  Tekhnologlya  stekia 
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[Glass  Technology].  3rd  edition,  Chapter  24,  Moscow,  19^1. 


M.  3.  Asianova 
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GLASS  FIBER  MAT  AND  STRIP  -  see  Thermal  and  Sound  Insulating  Loose- 
Fiber  Materials. 
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GLASS  FIIMS  -  flexible  flat  glass  less  than  100  p,  thick.  The  flex¬ 
ibility  of  glass  films  depends  on  their  thickness:  films  10-15  p  thick 
are  readily  bent  around  drums  20  mm  in  diameter,  while  the  maximum  depth 
of  curvature  of  ordinary  glass  does  not  exceed  tenths  or  even  hundredths 
of  the  length  of  the  specimen  tested.  The  mechanical  strength  of  glass 
films  substantially  exceeds  tha  of  thick  glass  and  is  also  governed  by 
its  thickness.  The  thinner  the  film,  the  higher  is  its  mechanical 
strength.  A  similar  relationship  between  breakdown  strength  and  thick¬ 
ness  is  observed  in  electrical  tests.  The  breakdown  gradient  rises  by  a 
factor  of  almost  3  as  the  thickness  of  glass  films  is  reduced  from  90  to 
15  p  at  room  temperature,  using  glass  of  uniform  composition.  Films  of 
low-alkali  and  alkali-free  glass  have  an  electrical  strength  equivalent 
to  that  of  natural  mica.  Glass  films  are  capable  of  withstanding  severe 
local  thermal  transitions,  from  temperatures  near  the  softening  point 
of  the  initial  glass  to  negative  temperatures.  As  a  result  of  their 
thinness,  glass  films  have  a  high  transparency.  All  the  other  physico¬ 
chemical  characteristics  of  such  fix.ms  depend  on  the  composition  of  the 
Initial  glass. 

The  principal  methods  employed  for  producing  glass  films  are  draw¬ 
ing  from  a  glass  melt  through  various  forming  devices  and  drawing  of  a 
flat  glass  sheet  by  local  heating  to  the  softening  point. 

Glass  films  are  used  in  the  electronics  industry  for  the  manufac¬ 
ture  of  small  high-frequency  capacitors  and  targets  for  electron-beam 
tubes.  The  possible  applications  of  these  materials  are  very  diverse. 
They  can  be  employed  for  various  electrical-insulating  papers  and  flexi- 
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ble  Insulating  materials.  The  consistent  chemical  composition  of  glass 
films  permits  them  to  be  used  as  the  basis  for  insulating  materials 
with  highly  stable  characteristics.  Films  and  film-based  materials  with 
new  technical  indices  can  be  produced  by  varying  the  chemical  composi¬ 
tion  of  the  initial  glass.  The  use  of  glass  films  in  the  manufacture  of 
insulating  materials  has  made  it  possible  to  partially  replace  expen¬ 
sive,  hard-to- obtain  natural  mica.  Glass  films  can  be  used  as  the  basis 
for  structural  materials,  in  the  form  of  glass-plastic  sheets  and  pip¬ 
ing  of  varying  size  and  shape.  Employment  of  glass  plastics  as  a  rein¬ 
forcing  material  in  the  production  of  structural  plastics  increases 
'  their  modulus  of  elasticity,  strength,  and  rigidity.  Structural  glass 
plastics  reinforced  with  glass  films  are  distinguished  by  increased 
transparency.  Ultrathin  glass  films  (less  than  1  p.  thick)  are  of  inter¬ 
est  for  research  on  the  structure  of  glass. 

References :  Tekhnologiya  stekla  [Technology  of  Glass],  edited  by 
1. 1.  Kitaygorodskiy,  3rd  Edition,  Moscow,  196I;  Kitaygorodskiy,  1. 1. ,  R 
Rostoklnskiy,  V.V. ,  SiK,  i960,  ho.  7>  page  21;  Kitaygorodskiy,  1. 1., 
Rostoklnskly,  V.V. ,  Yellnen,  V.  I. .  Ibid.,  196?.,  No.  3,  page  8. 

O.L.  Al'takh 
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GLASS  FOAM  -  a  light,  porous  material  obtained  by  sintering  finely 
ground  powdered  glass  and  a  frothing  agent  (coke,  powdered  marble, 
chalk,  dolomite,  pyrolusite,  etc.)*  When  it  has  set  and  cooled  this  ma¬ 
terial  has  high  heat-  and  sound -insulating  characteristics.  Glass  foam 
can  readily  be  machined,  glued  to  other  materials,  sawn,  drilled  with 
ordinary  tools,  or  lathed.  It  can  be  heated  to  a  temperature  200-250° 
above  the  softening  point  of  the  initial  glass.  The  magnitude  of  this 
temperature  difference  is  governed  both  by  the  chemical  composition  and 
thermal  conductivity  of  the  glass  and  by  the  linear  dimensions  of  the 
article  in  question.  The  thicker  the  specimen  being  tested,  the  greater 
Is  the  extent  to  which  it  can  be  heated.  Its  pores  give  glass  foam  a 
sound -absorbing  capacity  amounting  to  approximately  50#  over  the  fre¬ 
quency  range  500-4000  cps.  The  strength  of  glass -foam  specimens  sub¬ 
jected  to  50  freezing-thawing  cycles  is  reduced  by  20-25#.  This  materi¬ 
al  is  produced  commercially  with  bulk  weights  of  200,  300,  and  400 
kg/nr5. 

The  characteristics  of  glass  foam  are  shown  in  the  table. 

Glass  foam  is  used  for  insulating  subterranean  heat-transfer 
pipes,  as  a  buoyant  material  for  life-saving  devices  and  pontoon  bridg¬ 
es,  to  Increase  the  buoyancy  of  metallic  structures,  to  protect  ships 
against  corrosion,  and  for  insulating  refrigerator  cars.  Glass  foam 
with  open  pores  is  used  in  the  manufacture  of  filters  for  acids  and  al¬ 
kalis.  This  material  can  be  employed  as  a  substitute  for  natural  pumice 
in  grinding  and  polishing  wood. 
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Characteristics  of  Glass 
Foam 


1)  Bulk  weight  (kg/m^);  2)  coefficient  of  thermal  conductivity  (kcal/m* 

•hr*°c)  at  20  ;  3)  ultimate  compressive  strength  (kg/cm);  4)  water  ab¬ 
sorption  (#  by  volume). 

References:  Kitaygorodskiy,  1. 1.,  Keshishyan,  T.N.,  Penosteklo 
[Glass  Foam],  Moscow,  1953. 

G.G.  Sentyurin 
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GLASS  PLASTICS  -  plastic  materials  consisting  of  a  fiberglass  fil¬ 
ler  (elementary  glass  fiber,  silica,  quartz,  basalt,  or  tuffonite  fiber, 
glass  cloth  of  varying  structure,  glass  mats  or  canvas,  etc.)  and  a 
binder  (thermoreactive  and  thermoplastic  polymers).  The  fiberglass  ma¬ 
terials  give  glass  plastics  high  mechanical  strength.  The  binder  ce¬ 
ments  the  fiberglass  and  should  have  a  good  wetting  capacity,  high  ad¬ 
hesion  to  fiberglass,  low  shrinkage,  and  a  high  cohesive  strength. 

Glass  plastics  can  be  arbitrarily  divided  into  four  groups  in  accord¬ 
ance  with  the  type  of  filler  and  the  technological  characteristics  of 
the  material:  glass  textolites  -  plastics  in  which  the  filler  is  glass 
cloth  (products  with  different  characteristics  can  be  obtained,  depend¬ 
ing  on  the  structure  of  the  cloth);  glass  voloknites  -  cast  and  pressed 
compositions  consisting  of  a  filler  (chopped  glass  fibers,  coarse  cloth, 
or  filaments)  and  powdered  fillers,  dyes,  or  pigments;  oriented  glass 
plastics,  which  are  obtained  by  arranging  glass  fibers,  threads,  or 
filaments  in  parallel  and  simultaneously  or  subsequently  applying  a  bin¬ 
der  (synthetic  resin);  glass  plastics  or  products  based  on  preliminarily 
molded  glass  fiber  or  mats,  chopped  coarse  cloth  or  filaments  normally 
being  employed. 

The  binder  should  make  it  possible  to  fabricate  large  articles 
from  glass  plastics;  it  should  harden  rather  rapidly.  The  most  widely 
used  binders  are  those  based  on  polyester,  epoxy,  phenol-formaldehyde, 
and  sillcoorganic  resins.  Halide-containing  ingredients  and  special 
fillers  are  added  to  the  binder  to  produce  incombustible  glass  plas¬ 
tics.  Special  heat  treatment  or  thermochemical  processing  of  the  fiber- 
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Fig.  1.  Specific  tensile  strength  of  structural  materials:  1)  30KhGSA 
steel;  2)  Dl6  duralumin;  3)  OT-4  titanium;  4)  DRS  pine:  5)  DPS  delta- 
wood;  6)  PTK  textollte;  7)  EF32-301  glass  textolite;  8)  SVAM. 


Fig. 2.  Specific  strength  of  structural  materials  on  compression:  l) 
30KhGSA  steel:  2)  Dl6  duralumin;  3)  OT-4  titanium;  4)  DRS  pine;  5)  DSP 
delta-wood;  6)  EF32-301  glass  textolite;  7)  SVAM. 

glass  filler  improves  the  adhesion  of  the  binder  to  the  glass  fibers 
and  makes  the  physicomechanical  and  dielectric  characteristics  of  the 
plastic  more  stable.  Heat  treatment  at  200-300°  reduces  the  content  of 
filler  lubricant  (used  during  textile  processing  of  the  fiber)  to  0.2- 
0.5#;  this  lubricant  is  completely  removed  by  treatment  at  400-450°. 

The  characteristics  of  glass  plastics  can  be  made  considerably  more 
stable  at  elevated  humidi;.*.es  by  treating  the  filler  with  compounds 
that  form  chemical  bonds  with  the  filler  glass  and  the  binder  (volan, 
which  is  a  complex  compound  of  the  chromium  salts  of  methacrylic  and 
hydrochloric  acids  and  chromium  oxychloride,  as  well  as  silanes).  When 
phenol-formaldehyde,  melamine,  or  epoxy  resins  are  used  as  binders  the 
best  results  are  obtained  by  treating  the  fiberglass  filler  with  y-am- 
lnopropyltriethoxysilane  or  other  amine-containing  silanes.  The  pro¬ 
ducts  obtained  by  reacting  allyl  or  vinyl  trichlorcsilane  with  resor- 
clne  are  general-purpose  substances  for  treating  the  fiberglass  filler. 
The  water  resistance  of  glass  plastics  and  the  stability  of  their  chaiv 
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acterlstics  can  be  Increased  by  adding  similar  active  products  to  the 
binder.  Glass  plastics  can  be  subjected  to  all  types  of  machining,  but 
the  cutting  regimes  and  tools  differ  somewhat  from  those  usually  em¬ 
ployed,  since  the  fiberglass  filler  has  an  abrasive  action  on  the  tool 
and  these  plastics  have  a  low  thermal  conductivity.  The  use  of  glass 
plastics  in  various  branches  of  industry  is  also  due  to  the  fact  that 
components  of  these  substances  can  be  joined  to  one  another  and  to  other 
materials  by  gluing,  riveting,  or  bolting.  Glass  plastics  have  high  mech¬ 
anical  strength;  the  specific  strength  of  glass  textolite  and  oriented 
fiberglass  plastics  is  equal  to  and  sometimes  even  greater  than  that  of 
steel  or  duralumin  (Figs.  1  and  2).  The  principal  drawback  of  glass 
plastics  is  their  comparatively  low  rigidity. 

The  table  shows  the  physicomechanical  and  dielectric  characteris¬ 
tics  of  the  principal  types  of  glass  plastics. 


Physicomechanical  and  Dielectric  Characteristics  of 
Principal  Types  of  Glass  Plastics 
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tic  (structure  1:1  in  epoxy  phenolic  binder);  5)  AQ-4V  glass  voloknite 
in  modified  phenol-formaldehyde  resin;  6)  plastic  consisting  of  glass 
mat  in  polyester  resin;  7)  specific  gravity;  8)  modulus  of  elasticity 
on  extension  (kg/cm^);  9)  ultimate  strength  (kg/cm 2);  io)  on  extension; 

II)  on  compression;  12)  on  bending;  13)  impact  strength  (kg-cm/cm5); 

14)  Martens  thermostability  (*C);  15)  water  absorption  over  24  hr  {%); 
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16)  deep  resistance  (ohm*cm);  17)  dielectric  permeability  at  10^  cps ; 
l8)  tangent  of  angle  of  dielectric  loss  at  10*  cps;  19)  coefficient  of 
linear  expansion;  20)  along  layers;  21)  along  base. 

The  mechanical  characteristics  of  a  glass  plastic  are  governed  by 
the  type  of  filler  and  binder,  the  quantitative  ratio  of  these  two  in¬ 
gredients,  and  the  technological  processes  by  which  it  is  manufactured 
and  products  are  fabricated  from  from  it.  Glass  textolites  and  oriented 
plastics  based  on  epoxy  and  modified  epoxy  resins  have  the  highest 
strength.  These  plastics  are  characterized  by  anisotropic  characteris¬ 
tics  and  have  the  greatest  long-term  strength  and  dynamic  durability. 

The  long-term  bending  strength  of  glass  textolites  based  on  various 

binders  amounts  to  50-74#  of  their  initial  short-term  strength  after 

y 

1000  hr  of  loading.  Their  dynamic  durability  ac  10  cycles  amounts  to 
23-28#  of  their  short-tenn  static  strength.  The  long-term  strength  of 
plastics  based  on  fiberglass  mats  equals  49-67#  of  their  initial  strength, 
while  their  dynamic  durability  amounts  to  18-25#  of  this  strength.  The 
mechanical  characteristics  of  glass  plastics  depend  on  operational  con¬ 
ditions  and  are  noticeably  reduced  at  high  humidities  and  temperatures. 
Glass  textolites  and  glass  voloknltes  based  on  sllicoorganic  binders 
have  the  beat  electrical-insulating  properties.  Glass  plastics  have  the 
highest  heat  resistance  of  any  plastic  material;  they  can  function  at 
temperatures  of  up  to  400°  and  briefly  withstand  temperatures  of  up  to 
2000-2500°.  Their  thermal  conductivity  depends  on  their  density  and 
fiberglass  content,  ranging  from  0.18  to  0.4  kcal/m-hr- °C. 

The  anisotropic  synthetic  synthetic  fibrous  materials  SVAM  and 
AG-4s  are  characteristic  plastics.  In  order  to  produce  SVAM  the 

elementary  fibers,  drawi  an  electric  furnace,  are  coated  with  bin¬ 

der  and  arranged  in  parallel  (or  slightly  inclined)  turns  on  a  rotating 
drum  or  special  receiving  device.  The  coiled  structure  (glass  veneer) 
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Is  removed  In  the  form  of  sheets  or  strips  and  fabricated  into  finished 
products  after  drying.  The  complete  exclusion  of  all  textile  operations 
and  the  formation  of  a  protective  polymer-binder  film  on  the  fresh,  un¬ 
damaged  fiber  surface  satisfies  the  prerequisites  for  maximum  utiliza¬ 
tion  of  fiber  strength.  Two-strand  twisted  glass  thread  (used  in  the 
manufacture  of  glass  cloth)  or  10-strand  braided  glass  is  employed  In 
the  manufacture  of  AG-4s.  The  threads,  arranged  in  parallel,  are  coated 
with  binder  and  form  a  continuous  strip,  which  is  ready  for  processing 
after  drying.  Unpolymerized  sheets  or  strips  with  a  unidirectional 
structure  are  formed  in  the  material,  observing  a  predetermined  ratio 
of  longitudinal  and  transverse  layers,  i.e.,  giving  a  predetermined  an¬ 
isotropy  of  physicomechanical  characteristics.  Finished  products  are 
fabricated  by  pressing  at  appropriate  temperatures  and  pressures,  by 
vacuum  forming,  or  by  winding  and  subsequent  setting  in  autoclaves  or 
polymerization  chambers.  The  processing  regimes  and  equipment  employed 
are  governed  by  the  type  of  binder  and  the  character  of  the  finished 
product.  The  method  described  above  for  production  of  SVAM  is  used  to 
reinforce  cylindrical  casings  in  the  radial  direction,  omitting  the 
glass-veneer  stage;  ir.  this  case  the  entire  technological  process  re¬ 
duces  to  two  operations,  winding  the  fibers  under  tension  on  a  rotating 
cylinder  and  simultaneous  application  of  binder,  followed  by  polymerlza 
tlon  (this  can  be  reduced  to  one  operation  for  cold-setting  resins). 

Glass  plastics  are  widely  employed  in  various  branches  of  techno¬ 
logy.  They  are  used  as  electrical-insulating  materials  in  instruments 
and  electrical  machinery  and  equipment,  considerably  increasing  their 
reliability  and  service  life. 

Qlasa-plastic  piping  can  be  widely  employed  in  the  gas  and  petro¬ 
leum  industries,  while  storage  tanka  for  water,  chemical  reagents,  etc., 
can  be  used  in  the  chemical  Industry.  In  the  automobile  Industry  glass 
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plastics  are  used  In  the  manufacture  of  light  components,  cabs,  and 
hoods.  These  materials  have  cone  into  especially  wide  use  for  the  manu¬ 
facture  of  small-series  ambulances,  trucks,  and  sports  cars.  They  are 
employed  as  structural  and  radio-engineering  materials  in  th  aviation 
industry.  Glass  plastics  are  the  principal  material  for  the  reflectors 
of  radio-locating  stations.  They  have  also  been  successfully  employed 
in  the  production  of  various  types  of  rockets.  In  other  nations  they 
are  employed  in  the  production  of  railroad  rolling  stock.  Glass-plastic 
boats  do  not  rot,  are  not  subject  to  corrosion,  and  are  easily  manufac¬ 
tured. 

References i  Kiselev,  B. A. ,  Stekloplastiki  [Glass  Plastics],  Moscow, 
1961;  Morgan,  P. ,  Stekloplastiki  [Olass  Plastics],  collection  of  arti¬ 
cles  translated  from  English,  Moscow,  1961. 

B. A.  Kiselev 
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GLASS  TEXTOLITE  -  a  laminated  structural  material  obtained  by  hot 
pressing  of  glass  cloth  cut  to  the  dimensions  of  the  press  plates,  as¬ 
sembled  into  a  packet  of  the  requisite  thickness,  and  preliminarily 
impregnated  with  an  organic  or  sillcoorganlc  resin.  Glass  textollte 
has  a  smooth  surface  without  cracks,  swollen  areas,  deep  folds,  or 
foreign  inclusions.  A  layer  of  cellophane  can  be  pressed  onto  the  sur- 
TABLE  1 

Thermophysical  Characteristics  of  Glass  Textolltes 
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200®;  20)  coefficient  of  thermal  conductivity  (kcalAi2*hr* ®C)  at  test 
temperature  of:  21)  from  20  to  100°;  22)  from  100  to  200°;  23)  tempera¬ 
ture  conductivity  (mvhr)  at  test  temperature  of:  24)  specific  heat 
capacity  (kcal/kg*  C)  at  test  temperature  of;  25)  elevated  thermostabil 
ity. 


TABLE  2 

Physieomechanical  and  Electrical  Characteristics 
of  Glass  Textolites 
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layers;  22)  slip  modulus  (kg/cm2);  23)  along  warp;  24)  at  angle  of  45*; 
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35)  at  temperature  of  200°. 


face  of  glass  textolite.  Large  quantities  of  glass  textolites  with  vary¬ 
ing  characteristics  are  produced  commercially.  Table  1  shows  the  thermo¬ 
physical  characteristics  of  these  materials,  while  Table  2  shows  their 
physicomechanical  and  electrical  cnaracteristics. 

Glass  textolites  can  be  subjected  to  all  types  of  machining,  gluing, 
and  riveting,  under  regimes  similar  tc  those  employed  for  metals  (see 
Machining  of  plastics). 

Glass  textolites  are  used  in  the  manufacture  of  various  articles 
and  structural  components  for  electronics  and  radio  engineering. 
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GLASS  WITH  AN  ELECTRICALLY  CONDUCTIVE  SURFACE  -  glass  whose  sur¬ 
face  has  been  coated  with  a  thin  film  of  metal  oxides  with  semiconduc- 
tlve  characteristics.  These  glasses  are  produced  with  oxides  of  tin, 
indium,  titanium,  cadmium,  antimony,  lead,  and  other  metals,  as  well 
as  various  combinations  of  these  oxides  with  small  additives  of  copper, 
zinc,  cobalt,  etc.,  oxides.  The  thickness  of  the  conductive  film  var¬ 
ies  from  several  A  to  several  n,  while  its  resistance  (per  unit  surface 
area)  ranges  from  several  ohms  to  hundreds  of  thousands  of  ohms.  The 
film  is  transparent  to  light  in  the  visible  portion  of  the  spectrum, 
absorbing  1-20#  and  reflecting  10-12#  of  the  light  flux.  The  resis¬ 
tance  of  the  film  decreases  and  its  light  absorption  increases  as  it 
becomes  thicker. 
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1)  Method  of  applying  film;  2)  film  thickness  (A);  3)  index  of  refrac¬ 
tion  n^;  4)  coefficient  of  reflection  (#);  5)  minimum;  6)  maximum;  7) 

hydrolysis  of  SnCl^  at  500°;  8)  pyrolysis  of  SnCl^  at  450°. 

The  following  are  the  most  common  methods  for  producing  electri¬ 
cally  conductive  films:  l)  condensation  on  heated  glass  of  the  vapor 
produced  by  heating  solid  or  liquid  film-forming  susbstances  (the  va- 
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1)  Type  of  oxide  film;  2)  film  thickness  (A);  3)  superficial  resistance 
(ohms);  4)  light  absorption  (#);  5)  coefficient  of  reflection  (£);  6) 
transmissivity  of  film-coated  glass  {%). 

porization  or  "smoking"  method);  2)  thermal  diffusion  of  metal  Ions 
from  within  the  glass  to  its  surface  and  subsequent  reduction  of  these 
ions  in  a  hydrogen  atmosphere  at  high  temperatures  (for  glasses  con¬ 
taining  easily  reduced  oxides  of  lead,  silver,  copper,  bismuth,  and 
antimony);  3)  surface  treatment  of  heated  glass  with  film-forming  aero¬ 
sols  (dispersed  with  air  under  a  pressure  of  4-5  atm  or  with  ultrasound). 
Films  formed  on  hot  glass  (450-650°)  have  a  higher  transparency  and  a 
lower  resistance  than  films  produced  on  cooler  glass  (below  300°);  in 
the  latter  case  the  film  is  often  porous,  nontransparent,  and  noncon- 
ductive.  The  initial  materials  for  the  latter  two  methods  are  generally 
halides  of  those  metals  whose  oxides  must  be  obtained  at  the  surface 
of  the  glass;  sulfates,  nitrates,  carbonates,  and  certain  organic  com¬ 
pounds  are  also  employed.  Conductive  coatings  of  stannic  oxide,  which 
are  distinguished  by  high  mechanical  strength  and  chemical  stability, 
are  the  most  common;  they  do  not  require  hard-to-obtain  materials. 

Stannic  oxide  films  are  formed  on  glass  at  high  temperatures  by 
pyrolysis  or  hydrolysis  of  various  tin  compounds;  alcohols,  acetone, 
phenol  hydrazine,  etc.,  are  used  as  reducing  agents.  Table  1  shows  the 

1763 


III-ll8s2 

optical  characteristics  of  coated  glass  as  a  function  of  the  thickness 
of  stannic  oxide  films  obtained  by  pyrolysis  or  hydrolysis  of  SnCl^. 

Stannic  oxide  films  have  a  very  low  absorption  in  the  visible  por¬ 
tion  of  the  spectrum;  they  are  most  transparent  at  wavelengths  of  from 
0.5  to  1  M-*  Pronounced  absorption  begins  at  a  wavelength  of  370  mp.. 
Maximum  transmissivity  in  the  infrared  portion  of  the  spectrum  occurs 
at  a  wavelength  of  10  p,.  The  electrical  conductivity  of  such  films  on 
glass  is  electronic  in  character  and  is  distinguished  by  a  comparatively 
low  thermal  coefficient  (3-5#  per  °C),  varying  reversibly  over  the  range 
0-250°.  Stannic-oxide  films  are  sufficiently  resistant  to  prolonged  ex¬ 
posure  to  ac  and  dc  currents  with  voltages  of  up  •  kv  and  densities 

p 

of  up  to  15  amp/tom  . 

Table  2  shows  the  electrical  and  optical  characteristics  of  stan¬ 
nic-oxide  films  in  comparison  with  other  conductive  films  on  glass. 

Table  3  shows  the  characteristics  of  conductive  stannic-oxide 
films  obtained  by  the  aerosol  method  (with  the  glass  heated  to  640°). 

High-resistance  conductive  films  from  4000  to  6800  A  thick  can  be 
produced  on  glass  by  evaporation  of  SnClg  in  pure  crystalline  form  or 
with  BiOCl  added.  The  superficial  resistance  of  such  a  film  ranges  from 

10^  to  107  ohms,  while  that  of  tin-bismuth  films  (containing  10#  BigO^) 

4  8 

is  10  -10  ohms.  Such  semiconduct ive  films  are  resistant  to  heating  at 
380°  for  15  hr;  they  do  not  lose  their  properties  after  cooling  to  -60° 
or  prolonged  storage  at  room  temperature. 

Films  obtained  by  reduction  of  components  in  the  surface  layer  of 
the  glass  are  distinguished  by  an  ability  to  withstand  high  stresses; 
their  electrical  resistance  is  uniform  and  remains  virtually  unchanged 
on  storage  at  room  temperature  or  heating  to  200°  in  air.  Such  films 
have  a  negative  thermal  coefficient  of  electrical  resistance  ranging 
from  0.3  to  1#  per  °<J.  Special  glasses  containing  readily  reduced  metal 


% 
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oxides  (BigO^,  SbgO^i  ASgO^,  etc* )  are  used  to  produce  these  films. 

When  the  glass  Is  heated  and  its  surface  treated  with  hydrogen  the  me¬ 
tal  ions  undergo  thermal  diffusion  from  within  the  glass  to  the  surface 
and  are  there  reduced.  Table  4  shows  the  chemical  composition  of  the 
glasses  used  and  the  superficial  resistance  of  semlconductlve  films  ob¬ 
tained  by  this  method. 
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Note;  The  transmissivity  of  the  initial  uncoated 
glass  is  90 1,  while  after  treatment  with  SnCli,*5Ho0 
it  is  88.55*. 

l)  Film-foming  solution;  2)  solvent;  3)  air  pressure  during  aerosol 
formation  (atm);  4)  aerosol-treatment  time  (sec);  5)  superficial  re¬ 
sistance  of  square  of  film  (ohms);  6)  transmissivity  of  coated  glass 
(50;  7)  50j£  SnCl^*5H20;  8)  50#  SnClg-aHgO;  9)  the  same,  with  TiCl^  add¬ 
ed;  10)  the  same,  with  SbCl^  added;  11 )  ethyl  alcohol  (redistilled); 

12)  water.  3 
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1)  Composition  of  glass  (cation  oercent);  2)  speci¬ 
fic  superficial  resistance  (ohms)  of  glass  after 
treatment  in  hydrogen  atmosphere  at  a  temperature 
of  (*C). 
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Films  obtained  by  treating  these  glasses  with  hydrogen  for  4-6  hr 
at  temperatures  above  380°  are  nontransparent  In  the  visible  portion  of 
the  spectrum  (at  wavelengths  of  from  280  to  750  mp.). 

Coatings  based  on  Indium  and  titanium  oxides  are  widely  used. 

Indium-oxide  films  are  obtained  by  spraying  glass  heated  to  425- 
450®  with  indium  trichloride  in  an  atmosphere  with  a  high  relative  hum¬ 
idity  or  by  condensation  of  soft  metallic  Indium  on  the  glass  at  tem¬ 
peratures  of  120-205°.  The  electrical  resistance  of  a  square  of  film 
obtained  by  spraying  glass  with  Indium  trichloride  dissolved  In  alco¬ 
hol  ranges  from  25  to  500  ohms.  Class  coated  with  an  indium-oxide  film 
passes  approximately  85#  of  all  visible  light  rays;  such  a  film  can 
withstand  heating  to  100°. 

Cadmium-oxide  films  are  applied  by  cathodic  dispersion  to  the 
surface  of  cold  glass,  while  gold  films  are  applied  by  vacuum  evapora¬ 
tion  onto  glass  preliminarily  coated  with  bismuth  or  zinc  oxides. 

Semiconduct ive  films  on  glass  usually  have  high  mechanical 
strength,  very  good  adhesion  to  the  glass,  and  the  requisite  chemical 
stability;  they  can  be  removed  from  the  glass  only  by  polishing,  dis¬ 
solution  in  hydrofluoric  acid,  or  treatment  with  atomic  hydrogen.  Elec¬ 
trical  energy  is  generally  supplied  to  the  semiconductlve  coating  with 
the  aid  of  silver,  copper,  or  silicate-silver  contacts  (busbars).  The 
conductivity  of  these  contacts  should  be  20  or  more  times  that  of  the 
semiconductlve  coating  itself. 

Glasses  with  conductive  surfaces  are  essentially  open  conductors, 
so  that  it  is  often  necessary  to  provide  reliable  insulation  for  the 
conductive  layer;  this  is  done  either  by  cementing  the  coated  glass  to 
uncoated  glass,  using  an  organic  intermediate  layer  (to  produce  a  three- 
layer  glass  of  the  triplex  type  with  an  internal  conductive  surface), 
or  by  applying  clear  film-forming  insulating  lacquers  or  other  sub- 
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stances  to  the  conductive  surface.  Such  Insulating  coatings  are  gen¬ 
erally  produced  with  silicoorganic  compounds,  such  as  types  K-44,  K-47> 
and  K-60  lacquer  (depositing  a  polymer  film  20-50  m>  thick)  or  the  cor¬ 
responding  chlorosilanes  or  oxysilanes;  when  these  substances  are  hydro¬ 
lyzed  a  film  of  S102  is  formed  on  the  surface  to  be  protected. 

The  practical  applications  of  glasses  with  electrically  conductive 
surfaces  are  very  diverse.  Electrically  heated  glass  is  widely  employed 
in  the  manufacture  of  windows  for  various  types  of  vehicles  and  build¬ 
ings  (self-defrosting  glass),  electrically  heated  glass  panels,  etc. 


TABLE  5 


1)  Characteristic;  2)  glass  for  vehicles  and  buildings:  3)  glass  panels 

i  heating);  4)  mirrors  (nonsweating);  5)  dimensions  (mm);  o)  thickness 
mm):  7)  type  of  glass;  8)  heating  temperature  (#C);  9)  heating  time 
min);  10)  specific  power  (watts/cm2);  11)  power  consumption  (watts); 

12)  total  resistance  (ohms);  13)  working  voltage  (v);  l4)  quenched  3- 
layer  glass  (triplex);  15)  quenched  glass. 

Table  5  shows  the  characteristics  of  various  types  of  electrically 
heated  glass  produced  In  the  USSR. 

The  electrical  resistance  of  the  conductive  layer  remains  unchanged 
on  heating  to  250°.  Electrically  heated  glass  is  usually  quenched  to  in¬ 
crease  its  heat  resistance.  Vlth  natural  cooling  the  maximum  load  on  the 
conductive  layer  should  not  exceed  1.5  watts/cm  (at  a  voAage  of  220  v 
a  500*500  mm  sheet  of  electrically  heated  glass  can  withstand  a  load  of 
2.5  kw). 

Olass  with  a  conductive  surface  is  used  in  the  manufacture  of  vea- 
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ssls,  Instruments,  and  boilers  for  the  household,  the  laboratory,  and 
the  chemical  Industry.  All  types  of  glass  boilers  are  hygienic  and  re¬ 
sistant  to  chemical  reagents  and  permit  observation  of  the  course  of 
the  process;  they  ensure  uniform  distribution  of  heat  over  the  entire 
heLted  surface  and  have  an  efficiency  reaching  9 6£,  while  that  of  the 
best  metal  boilers  generally  does  not  exceed  70#. 

In  addition,  such  glasses  can  be  subjected  to  electrolytic  surface 
deposition  of  zinc,  cadmium,  copper,  nickel,  and  chromium.  Semiconduc- 
tlve  films  on  glass  can  be  used  as  cathodes,  for  equilibrating  the  vol¬ 
tage  gradient  over  the  surface  of  glass  bulbs  In  high-voltage  vacuum 
devices  (hlgh-re3istance  films),  for  removing  cljarges  from  the  surface 
of  electronic  components,  in  the  manufacture  of  stable  high-value 
heat-resistant  resistors  (fixed  or  variable),  and  as  transparent  elec¬ 
trodes  in  the  manufacture  of  photocells  for  various  luminescent  devices. 

References:  Qrechanlk,  L.A. ,  Solomin,  N.V. ,  Shpakova,  I.V. ,  Nauch- 
no-tekhn,  sbomlk  Nauchno-lssled.  ln-ta  elektrostekla  (NIIES)  [Scien¬ 
tific-Technical  Collection  jf  the  Scientific  Research  Institute  of 
Electrical  Glass  (NIIES)],  1959,  No.  14;  Ryabov,  V.A. ,  BorobVeva,  O.V. , 
Yegorova,  L.S.,  Steklo  [Glass],  Inform,  byulleten*  Vses.  n.-l.  in-ta 
stekla  [Information  Bulletin  of  the  All-Union  Scientific  Research  In¬ 
stitute  of  Glass],  1957,  No.  1  (95);  Prich.  Ys.,  S1K,  1959,  No.  11; 
Yanlshevakly,  V.M. ,  Zhukovskaya,  Ye. A.,  Reznik,  N.P. ,  Ibid.,  I960,  No. 

8;  Botvinkin,  0.  K. ,  Borob'yeva,  O.V. ,  Portnova,  V.A. ,  Ibid.,  1961,  No. 

1;  Weln,  S. ,  Glass  Ind. ,  1957.  November. 

S.I.  Sll'vestrovlch 
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GLAUCONITE  -  group  of  hydromicaceous  minerals  which  have  a  high 
covering  and  cation  exchange  capacity.  The  composition  is  not  constant; 
on  the  average  glauconite  contains:  48-59$  of  Si02,  up  to  36$  of  FegO^ 
and  FeO,  up  to  23$  of  AlgO^,  up  to  8$  of  KgO,  up  to  4. 5#  of  MgO  and  up 
to  15#  of  HgO.  Specific  weight  2. 2-2. 8,  Mohs  hardness  2-3*  The  color 
of  glauconite  is  green  (from  dark-green,  almost  black,  to  olive),  some¬ 
times  yellow  or  grayish  green.  When  heated  to  150*  glauconite  gradually 
loses  the  adsorbed  water,  which  is  then  restored  within  24  hours,  at  a 
temperature  of  about  500°  it  loses  all  the  hydroxyl  water,  at  925* 
glauconite  becomes  magnetic.  Sintering  temperature  1080°,  t*^  1160*. 

When  heated  to  1500°  it  retains  all  the  potassium.  Sharp  volatlzatlon 
of  potassium  which  increases  with  temperature,  takes  place  upon  addi¬ 
tion  of  CaClg  and  CaCO^.  When  heated  with  15$  HC1  at  a  temperature  of 
80-100*  it  is  completely  leached  out  and  loses  its  green  color,  it  dis¬ 
solves  completely  in  HgSO^.  It  is  resistant  to  alkalis,  toxins  and  at¬ 
mospheric  agents.  Glauconite  has  a  high  cation  exchange  capacity,  which 
increases  substantially  upon  stabilization  by  sodium  silicate  or  alumi¬ 
nosilicate,  after  heating  to  about  400*  the  ion  exchange  capacity  is 
reduced.  VI th  respect  to  hydrophily  glauconite  is  close  to  quartz;  the 
absolute  wettability  of  glauconite  is  +1.0,  the  hysteretic  wettability 
is  0.17  (it  is  O.23  for  quartz).  The  absorption  c&pcity  differs  in 
glauconite  of  different  age  and  which  formed  at  different  depths,  with 
the  highest  capacity  peculiar  to  deep-water  glauconites,  it  is  reduced 
after  calcining.  Peptization  (formation  of  colloidal  solutions)  of  glau¬ 
conite  is  removed  by  heat  treatment  at  600-700*. 


1769 


1-3401 


Glauconite  is  used  as  a  cheap  green  paint,  under  the  name  neoper- 
mutite  it  is  used  as  a  hard  water  softener,  primarily  in  high  pressure 
boilers;  as  an  adsorbent  in  bleaching  substances,  for  the  production  of 
silicagel,  refractory  bricks,  art  ceramics;  for  the  extraction  of  Al, 

Li  and  rare  elements,  for  obtaining  fast -hardening  Portland  cement 
clinker,  as  a  purifying  adsorbent.  Glauconite  can  also  be  used  to  de- 
ternine  the  absolute  age  of  sedimentary  formations. 

References:  Betekhtin,  A. G. ,  Mineraloglya  [Mineralogy].  Moscow, 
1950;  Kazakov,  A.V. ,  Glaukonlt  [Glauconite],  in  the  book  Mine ralogl- 
chesklye  1  flzikokhlmlchesklye  lssledovanlya  nekotorykh  osadochnykh 
porod  i  poleznykh  lskopayemykh  [Mineralogic  and  Physio-Chemical  Studies 
of  Certain  Sedimentary  Rocks  and  Minerals[.  Moscow,  1957  (Trudy  Insti¬ 
tute  geologlcheskikh  nauk  AN  SSR.  Geologlcheskaya  serlya  [Trans,  of  the 
Institute  of  Geological  Sciences  of  the  AN  SSSR.  Geological  Series], 
Issue  152). 

V.  I.  Magidovich 
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GOLD,  Au  -  is  a  chemical  element  of  the  1st  group  in  Mendeleyev's 
Periodic  System;  atom  number  79*  ate®  weight  196.967.  One  stable  iso¬ 
tope,  Au*^,  is  known.  Au1^  is  the  most  long-lived  of  the  artificial 
radioactive  Isotopes.  Its  content  in  the  earth's  crust  amounts  to 
5*10~fy  by  weight.  Gold  is  found  in  nature  both  in  free  state  as  nug¬ 
gets  and  in  form  of  telluric  compounds  (AuTe2).  Gold  is  a  lustrous  yel¬ 
low  metal  which  is  very  inert  to  the  reaction  of  strong  chemical  rea¬ 
gents.  The  density  is  19*32  g/cm^,  t°p^  is  1063°,  t*^  is  2947*  (ac¬ 
cording  to  Aiken).  Gold  is  only  llmltedly  utilized  in  technology.  The 
non-oxidizability,  constancy  in  weight,  and  other  physical  properties 
of  gold  are  important  for  construction  purposes.  Gold  is  widely  used  in 
Jewelry  and  dentistry,  as  electrode  in  the  electrochemical  separation 
of  some  radioactive  elements,  for  coating  of  shells  of  natural  neutron 
sources  and  also  for  calibrating  them,  and  for  other  purposes.  The  ma¬ 
jority  of  gold  is  deposed  in  bank  safes  to  standardize  the  currency. 

See  Moble  Metals. 


0.  Ye.  Zvyagintsev 
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GRANITE 


see  Natural  Acid-Resisting  Materials. 
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GRAPHITE  —  mineral  from  the  native  elements  group,  one  of  the 

polymorphous  varieties  of  carbon.  Specific  gravity  2.23  (from  2.21  to 

2.26),  t®^  3850®,  t^p  about  3900®.  Color  gray  with  a  metallic  luster. 

Specific  heat  from  0. 187  (at  100°)  to  0.452  kcal/g*  degree  at  2600®. 

Heat  of  melting  (the  evaporation  heat  being  the  same)  about  120  cal/ 

,  "  -6“ 

/mole,  linear  expansion  coefficient  2.5*10  .  Specific  resistivity  0. 50 

p 

ohm* mm  /m,  that  is  by  a  factor  of  2.5  lower  than  that  of  mercury.  The 

electric  conductivity  of  crystals  perpendicular  to  the  c-axis,  that  is, 

4 

parallel  to  the  lattice  layers,  is  by  a  factor  of  10  greater  than 

along  the  c-axis.  The  electrical  conductivity  drops  sharply  when  the 

temperature  is  increased.  Has  negative  thermoelectricity.  Graphite  is 

magnetically  anisotropic,  that  is,  the  permeability  parallel  to  the 

lattice  layers  is  equal  to  0. 5*  10  CGS  magnetic  units  (is  independent 

of  the  temperature),  and  perpendicular  to  the  layers  it  is  22* 10~ ^  and 

varies  upon  heating.  Average  volumetric  contraction  coefficient  (100- 

500  atm)  3.04*10”^  per  atm,  at  5000  atm  it  is . 1. 98* 10“^  per  atm.  The 

ultimate  compressive  strength  of  graphite  slabs  is  usually  150-300  kg/ 

2  2 

/cm  and  up  to  840  kg/cm  for  special  service  slabs,  the  ultimate  ten- 

p 

sile  strength  is  45-60  kg/cm  and  the  ultimate  flexural  strength  is 

p 

100-150  kg/cm  .  The  mechanical  strength  of  slabs  is  increased  at  1000- 
2000°.  The  coefficient  of  friction  is  very  low;  graphite  is  easily 
polished.  The  cleavage  surface  of  graphite  crystals  is  quite  unsaturated 
by  molecular  attraction  forces,  which  is  responsible  for  the  good  ad- 
herance  of  graphite  to  solid  surfaces.  Graphite  is  acid  resistant,  is 
oxidized  only  at  high  temperatures,  but  is  soluble  in  molten  iron  and 
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bums  in  molten  saltpeter.  Graphite  in  nontrannparent  even  in  thin 
platen. 

Uses  of  graphite.  In  metallurgy:  1)  crucibles  for  the  smelting  of 
metals  (particularly,  for  the  smelting  of  rare  metals);  2)  fireproof, 
chemically  passive  gaskets  and  ingot  molds;  3)  graphite  nonstick  "dusts" 
and  casting  mold  lubricants;  4)  graphite  tubes,  "boats"  and  other  pyro- 
chemical  products  (from  artificial  graphite);  5)  graphite-'1  e  ramie  smelt¬ 
ing  crucibles  from  co&rse-scale  graphite  with  a  particle  size  of  0.2  nun. 
In  electrical  equipment:  1)  graphite  electrodes  for  electrolysis  of 
molten  media  and  solutions,  in  particular  chloride,  which  do  not  allow 
the  use  of  metallic  anodes;  2)  arc  electrodes,  graphite  conductive 
covers,  graphite -carbon  tubes  and  other  electric  furnace  components. 
Graphite  powder  is  used  for  packing  of  electrical  contacts  between 
electrodes  and  their  metal  fittings;  3)  sliding  contacts  for  electrical 
machinery  (electric  brushes):  4)  graphitized,  depolarizing  agglomerate 
for  the  positive  poles  of  alkaline  batteries  and  galvanic  cells;  5) 
graphite  anodes  and  grids  in  mercury  rectifiers.  For  antifriction  arti¬ 
cles  and  lubricants:  1)  "graphalloy, "  which  is  a  conglomerate  consist¬ 
ing  of  graphite,  Al,  Mg  and  Pb,  for  self-lubricating  bearings  and 
electrical  machinery  rings;  2)  graphite  liners  for  bearings,  piston  rod 
sleeves,  packing  rings  for  pistons,  pumps  and  compressors;  3)  graphite 
lubricant  (graphite  powder  or  greases  and  oil  and  water  suspensions) 

1 

are  used  for  lubrication  of  heated  parts  of  machines,  autoclave  screws, 
etc.,  as  well  as  in  the  manufacture  of  all-drawn  products.  In  nuclear 
engineering  graphite  in  the  form  of  rods  and  other  components  is  used 
in  reactors  as  a  neutron  decelerator.  Artificial,  very  pure  graphite  is 
used  for  this  purpose.  In  rocket  technology  it  is  used  for  nozzle  throat 
liners  and  gas  channels.  Thinly  milled  graphite  with  a  good  covering 
ability  is  used  in  the  manufacture  of  gray  heat-  and  acid-resistant 
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paints.  Boiler  compounds,  which  are  colloidal  dispersions  of  graphite 
("Aquadag"  amd  "Oildag")  are  put  into  steam  boilers,  evaporators,  etc., 
to  prevent  scale  formation.  Chemically  resistant  graphite  articles  are 
used  in  chemical  machine  building  when  working  with  hydrofluoric  acid, 
where  neither  metals  nor  ceramics  can  be  used  (facing  tiles,  pipes, 
heat  transfer  apparatus).  In  communication  facilities  graphite  is  used 
as  resistances  (graphite  powder),  plates  (membranes),  brushes  (in 
communications  apparatus  and  in  radio  apparatus).  Graphite  is  used  in 
arc  welding  apparatus  (electrodes),  in  voltage  regulators  (graphite  re¬ 
sistances  and  contacts),  in  the  production  of  pencils  (natural  and  ar¬ 
tificial  graphite). 

Requirements  put  to  the  quality  of  graphite  vary  depending  on  its 
intended  use;  25  GOSTs  exist  for  different  branches  of  industry. 

References:  Trebovaniya  promyshlennosti  k  kachestvu  mineral’ nogo 
syr'ya  [Industrial  Requirements  Put  to  the  Quality  of  Mineral  Raw  Ma¬ 
terials],  Issue  3  -  Veselovskiy,  V. S.  Graf it  [Graphite],  2nd  edition, 
Moscow,  1960j  Mineraly  [Minerals],  Handbook,  Vol.  1,  Moscow,  i960. 


V.  V.  Shcherbina 


GRAPHITE  IRON  -  is  a  porous  antifriction  cermet  used  in  sliding 
bearings.  The  composition  of  graphite  iron  is:  95-98#  iron  and  2-5# 
graphite.  The  porosity  lies  in  the  range  of  15- 30#*  the  pores  are 
filled  with  lubricating  oil.  The  type  of  the  structure,  depending  on 
the  chemical  composition  and  the  operational  conditions  of  the  produc¬ 
tion,  affects  decisively  the  properties  of  graphite  iron,  especially 
the  friction  coefficient  and  the  resistance  to  wear.  Three  types  of 
structure  are  characteristics  for  graphite  iron:  the  ferrite,  pearlite, 
and  cementite  (iron  carbide)  structure. 

The  ferrite  structure  results  at  a  low  carbon  content  and  low- 
temperature  sintering;  the  pearlite  structure  ensues  on  a  mean  carbon 
content  and  ordinary  sintering  conditions  (1050-1100°),  and  the  cement¬ 
ite  structure  follows  from  a  great  carbon  content,  high  sintering  tem¬ 
perature  and  heat  treatment  (hardening,  etc.).  Graphite  iron  with  pearl¬ 
ite  structure  is  mainly  used.  Graphite  iron  with  ferrite  structure  has 
a  low  resistance  to  wear,  and  such  with  pearlite  structure  shows  an  in¬ 
creased  brittleness. 

Graphite  iron  is  widely  used  for  the  production  of  bear’.ngs  and 
bushes  in  different  assemblies  of  machines  and  mechanisms  in  a  number 
of  branches  of  the  machine  industry.  Investigations  were  carried  out 
which  point  at  a  very  promising  use  of  graphite  iron  in  railroad  bear¬ 
ings  instead  of  babbitt  bearings. 
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TABLE 

Properties  of  Graphite  Iron  with  Pearlite 
Structure 


^  CtOtCTM 

3  nwoeth  b/e*») . 

BB  (KtMM’h . 

0(  («*««>) . 

(nlJUt^k . 

«aar  (miMM*)  S'  ....... 

•a  (w  W)  .  £ . 

•  (H)  ■  •  f . 

KlmiMM*)  O . .  •  • 

^••lOMao-ioo*),  i/*c 

7  Stead#.  Tpmm  no  cram  On 

n  npaayjur;.  cmtna . 

K  MaeMMMriaMMoeTk  (%)  .  .  . 
Q  Mane.  loareraMM  narpyam 

•7  aiM1 . 

i*  aonyoTMiM,  *c . 


noMaurr  m 
eaollcTa 


5.7-6.S 
40-00 
14-22 
50-60 
30-32 
0.3-0, 6 
0,0—0 , 7 
0000—7000 
6.0—1 1 ,0  • 

0.01-0,02 
2. 0-2,0 

70-  -60 
100-200 


1)  Properties:  2)  property  indices;  3) 
density  (g/cm3);  4)  kg/mm2;  5)  a±Z(r 
(kg/mm2);  6)  kg* m/cm2;  7)  coefficient 
of  friction  on  steel  without  forced 
lubrication:  8)  ability  to  absorb  oil 


(in  #);  9)  maximum  permissible 
kg/cm2;  10)  permissible  t°,  in 


load. 


°C 


References:  Rakcvskiy,  V. S. ,  and  Saklinskiy  V.  V. ,  Metallokeramika 
v  mashinostroyenii  [Cermets  in  Machine  Building],  Moscow,  1956;  Samson¬ 
ov  G.  V. ,  and  Plotkin  S.  Ya. ,  Proizvodstvo  zheleznogo  poroshka  [Produc¬ 
tion  of  Iron  Powder],  Moscow,  1957;  Moshkova  A.  D. ,  and  Uspenskiy  Ya.  V. , 
Tekhnologiya  proizvodstva  i  primeneniye  poristykh  podshipnikov  [Tech¬ 
nology  of  Production  and  Use  of  Porous  Bearings],  Moscow  -  Sverdlovsk, 
1959. 

V.  S.  Rakovskiy 
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GRAPHITIZATION  GP  STEEL  -  partial  precipitation  of  carbon  contained 
in  the  steel  in  the  form  of  clustered  accumulations,  which  is  observed 
under  specific  conditions  in  carbon  and  alloy  steels,  most  frequently 
when  the  carbon  content  is  0.5$.  The  fracture  of  steel  in  these  cases 
is  dark-gray  in  color  (so-called  black  fracture).  Graph! tization  of 
steel  sharply  impairs  its  mechanical  properties,  results  in  the  break¬ 
ing  of  products  made  from  tool  and  leaf-spring  steel.  At  the  same  time 
graphite,  which  has  lubricating  properties,  improves  the  wear  resist¬ 
ance  of  steel,  in  conjunction  with  which  special  wear  resistant  graphit- 
ized  steel  has  been  elaborated  (EI293,  EI366,  etc. ). 

Graphitization  of  steel  is  aided  by  deoxidation  of  steel  by  alu¬ 
minum  and  a  high  content  of  carbon,  silicon,  nickel  and  copper.  Chrom¬ 
ium,  manganese,  molybdenum,  vanadium,  titanium,  niobium  reduce  the 
graphitization  tendency  of  steel.  Graphitization  of  tool  and  leaf- spring 
steel  is  aided  by:  forging  at  low  temperatures,  prolonged  annealing  at 
a  temperature  somewhat  lower  than  the  critical  point  A  ,  or  at  76O-8OO0, 
slow  cooling  after  annealing,  and  also  stresses  and  work-hardening. 
Graphitization  is  sometimes  developed  in  steels  which  do  not  contain 
chromium  at  the  boundary  of  the  thermal  effect  of  welded  joints  of 
high-pressure  pipes  of  steam  pipelines  after  prolonged  service.  To 
eliminate  this  phenomenon,  welded  seams  must  be  subjected  to  a  high 
temper. 

References:  Gudremon,  E,  Spetslal'nyye  stall  [Special  Steels], 
translated  from  German,  Vols.  1-2,  Moscow,  1959-60. 

A.  N.  Minkevich 
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GRAPH  PAPER  (base)  -  piper  produced  from  1000  bleached  cellulose. 


The  following  types  are  manufactured#  varying  in  the  purpose  for  which 
they  are  intended  (GOST  7717-55)*  SI  -  for  strip  graphs,  in  spools  and 
rolls,  cut  spools  narrow  in  width  (120,  140,  180,  230,  280,  310,  350* 


and  390  +  0.5  mm);  0-2,  for  disk  and  sheet  graphs,  in  small-diameter 


1)  Index;  2)  0-1;  3)  0 -2;  4)  0-3;  5)  weight  of  1  m2  (g);  6)  bulk  weight 

no  less  than);  7)  average  tearing  length  in  two  directions  (m, 
no  less  than);  8)  siting,  m,  no  less  than;  97  average  smoothness  on 
face  and  screen  sides  (sec,  no  less  than);  10)  linear  deformation  in 
transverse  direction  (0,  no  less  than);  with  relative  humidity  varying 
from  30  to  800;  11)  ash  content  (0,  no  less  than);  12)  transparency  by 
hatoh  test,  number  of  sheets  (no  less  than);  13)  moisture  oontent  (0); 
14)  machine  smoothness. 


sheets  for  disk  graphs  (200,  150,  and  300  am),  with  margins  for  cutting 
to  desired  else;  X*- 3  -  transparent  for  special  instruments  in  rolls 
800  and  900  ♦  ten  wide.  Graph  paper  is  water-iapermeable  and  resistant 
to  linear  deformation.  In  order  to  inoreaee  their  moisture  resistance, 
D-l  and  X>-2  graph  papers  contain  up  to  60  melamine-formaldehyde  resin. 
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This  paper  is  suitable  for  Ink  writing,  giving  clear  lines  and  hatching 
on  graphs.  The  table  shows  the  technological  characteristics  of  the 
three  types  of  paper. 

In  order  to  ensure  clear  ruling  graph  paper  includes  a  filler 
(kaolin,  talc,  etc. ),  which  Improves  Its  printing  characteristics.  The 
paper  Is  sized  with  colophony  glue  and  a  solution  of  aluminum  sulfate. 

A  light-blue  variety  of  D-3  is  produced  on  request.  Graph  paper  is  used 
In  automatic-recording  instruments. 

Z.  I.  Gruzdeva 
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ORAY  BODY  -  a  body  having  a  continuous  radiation  spectrum  similar 
to  that  of  an  Absolutely  black  body.  The  only  difference  between  the 
spectra  of  a  gray  body  and  an  absolutely  black  body  lies  in  the  fact 
that  at  a  given  temperature  T  and  wavelength  X  the  radiation  capacity 
of  the  former  EC(X,  T)  is  always  less  than  that  of  the  latter  Eg  (X,  T). 
From  the  similarity  of  their  spectra  it  follows  that  the  ratio  EL(X, 
T)/Eq(X,  T)  «  e\(T)  (the  8P*c*r*1  blackness  of  the  gray  body)  does  not 
depend  on  the  wavelength  and  is  a  constant  less  than  unity  for  a  given 
gray  body.  For  the  same  reason*  the  blackness  e  of  the  full  radiation 
of  a  gray  body  is  equal  to  its  spectral  Blackness  (c  -  e^). 

An  absolutely  gray  body  does  not  exist  in  nature,  but  the  majority 
of  technological  materials  (metals  with  an  oxidized  or  roughened  sur¬ 
face  and  structure*  heat-insulating*  etc.  materials)  have  characteris¬ 
tics  similar  to  those  of  gray  bodies  and  are  regarded  as  such  in  prac¬ 
tice. 

A. I.  Kovalev 
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GRAY  CAST  IRON  —  1.3  a  cast  iron  with  a  gray-colored  fracture,  in 
which  structure  the  whole  carbon  or  the  greatest  part  of  it  is  precipi¬ 
tated  in  the  form  of  free  graphite,  and  structurally  free  carbides  are 
absent.  Depending  on  the  founding  technology,  the  content  of  alloying 
constituents  and  also  the  heat  treatment,  the  castings  of  alloying  con¬ 
stituents  and  also  the  heat  treatment,  the  castings  may  contain  preclpl 
tations  of  lamellar  or  spheroidal  graphite,  and  the  structure  of  the 
metal  base  may  be  purely  pearlltlc,  pearllte-ferrltlc,  ferrite-pearli- 
tic,  or  purely  ferritic  (see  Modified  cast  irons.  Magnesium-ally  cast 
iron.  Pearlltlc  cast  iron.  Alloy  cast  iron.  Heat  treatment  of  cast 
Iron). 

Precipitations  of  the  binary  (Pe-Pe^P)  or  tertiary  (Pe-Pe^C-Pe^P) 
phosphite  eutectic  are  usually  present  In  the  structure  of  nonalloyed 
cast  iron,  and  precipitations  of  the  tertiary  phosphite  eutectic  Pe- 
Cr^C-Pe^P  are  present  in  chrome-alloy  cast  iron. 

In  engineering  technology,  the  term  "gray  iron”  means  a  modified 
or  nonmodlfled  cast  iron  with  lamellar  graphite  (Table  1).  The  gray 
iron  with  spheroidal  graphite  is  termed  magnesium-alloy  or  high- 
strength  cast  iron. 

The  mechanical  properties  of  gray  iron  (Table  2)  depend  on  the 
structure  of  its  metal  base  ara  the  type  of  the  distribution  of  the 
precipitated  lamellar  graphite.  The  structure  of  the  metal  base  de¬ 
pends  on  the  content  of  combined  carbon.  The  pearlltlc  base  with  most 
strength  is  obtained  at  0.7-0. 9%  of  the  combined  carbon;  the  presence 
of  ferrite  or  cement lowers  the  strength  of  the  gray  iron  castings. 
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and  the  presence  of  cement ite  deteriorates,  moreover,  the  m&chlnability. 
Gray  Iron  with  a  uniform  distribution  of  lamellar  graphite,  possesses 
higher  mechanical  properties  than  cast  iron  with  the  same  structure  of 


the  metal  base,  but  an  interdendritic  distribution  of  the  lamellar 
graphite  (Table  3)* 

TABLE  1 

Chemical  Composition  and  Structure  of  Gray  Iron  Cast¬ 
ings  with  Lamellar  Graphite 


1413-44) 


CH  14-14 

CT  11-41 

cs  «-»: 
cqiMi 
CN1UI 


1-1.4 

1—3,1 

1-3.4 

1-3.1 


40  14 
*•-38 
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*.1-3.1 
3. 1-3.4 
3. 1-3.4 
3-3.3 
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1-3.1 

X. 4-3.1 
1-3.1 

1. 4- 1.1 

3. 4- 3.  | 

3. 4- 3. 3 

3. 4- 1.1 

3. 4- 3. 1 

3.4- 3 
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1.1—  ' 
1.1-3 
1.1-3 
1.1-3 


• 

.IS 

0 

,11 

4* 

i'll 

}« 

IS 
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,13 
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14 

V 

.11 

t. 

13 

!• 

13 

V 

t. 

11 

’*• 

11 

}• 

“1 

I)  Cast  iron  (GOST  1412-54):  2)  thickness  of  the  casting  walls  (*im); 

3)  percentage  of  elements;  4)  not  more  than;  5)  structure;  6)  SCh;  7) 
and;  8)  up  to;  9)  more  than;  10)  ferrite-pearlltic,  coarse  graphite; 

II)  pearllte-ferrltlc,  mean-size  graphite;  12)  pearlltlc,  a  small 
quantity  of  ferrite,  mean-size  graphite;  13)  fine-pearl it lc  or  sorbltic, 
fine,  eddied  graphite;  14)  the  same;  15)  sorbltic. 
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TABLE  2 


Mechanical  Properties  of  Gray 
Iron  Castings  with  Lamellar 
Graphite 
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1  .12-54) 

Of,  |  Hair 

HH  l 

/(**> 

1 1 P  H  — 
MMH- 
II MC 

1 

(ju/jmjm1),  lie 
MCHPC 

600 

CM  00 

iiniNTiimc  nr  npnMnHd.iirrcii 

6 

CM  12-28 

.2 

28 

1  43-229 

6 

2 

*■ 

CM  15-32 

15 

32 

163-2291 

Myryii  1 

CM  1 8-3  6 

18 

36 

170-2291 

IICMO- 

3HIJ.M- 

UHpO- 

rhhiihH 

CM  21-40 

21 

40 

170—241  \ 

X. 

CM  24-44 

24 

44 

170-241  | 

jHyryii 

CM  28-48 

28 

48 

170-241  ( 

CM  32-52 

3  2 

52 

187—255  ( 

rJlHUH- 
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3  5 
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38 

60 

207-289  1 

1|  Cast  iron  (GOST  1412-54);  2)  izg;  3)  (kg/mm2)  not  less  than;  4)  (mm); 
5)  note;  6)  not  tested;  7)  nonmodified  cast  iron;  8)  modified  cast  iron. 

TABLE  3 


Dependence  of  the  Mechanical  Properties  of  Cast  Iron 
on  the  Structure  of  the  Metal  Base  and  the  Distribu¬ 
tion  of  Lamellar  Graphite 
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0,2-0, 3 

o»  (N)  . 

HB  (»'««>) . 
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1)  Characteristics  of  the  mechanical  properties  and  units  of  measure¬ 
ment;  2)  gray  iron  with  a  uniform  distribution  of  graphite;  3)  cast 
iron  with  interdendrltically  distributed  graphite;  4)  pearlitic  base; 

5)  ferritic  base;  6)  kg/mm2;  7)  <5izg  (kg/mm2);  8)  c  ,  on  bending  (kg/ 
/mm^)  without  notch;  9)  the  same,  with  notch;  10)  a“,  (kgm/cm2)  with¬ 
out  notch;  11)  the  same,  with  a  Mesnager  notch;  12)Htoughness,  J,  under 
an  alternating  lead  of  1/3  c^. 


The  following  values  of  the  main  physical  properties  of  gray  iron 
with  lamellar  graphite  may  be  taken  at:  a.io  (l/°C)  =  8-11  within  20- 
100c ;  X  (cal/cm»sec»°C)  =  0.10-0.12;  y  (g/cm^)  =  6. $-7. 3;  shrinkage  = 

=  1#;  p  (microohm»cm)  =  45-120;  coercivity  (oersted)  =  3-10;  residual 
magnetism  (gauss)  =  4000-6000;  maximum  magnetic  permeability  (gauss/ 
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oersted)  =  250-600.  The  gray  iron  castings  are  submitted  to  heat  treat¬ 
ment  in  order  to  change  their  physicomechanical  properties;  the  condi¬ 
tions  of  the  heat  treatment  depend  on  the  purpose.  Gray  iron  of  the 
SCh  00  and,  partially,  of  the  SCh  12-28  grades  is  used  for  low-duty 
castings  in  general  machine  building;  SCh  15-32  and  SCh  18-36  are  used 
for  a  large  number  of  castings  in  general  machine  building  and  machine- 
tool  building,  which  work  under  s  amll  stress  (stands,  foundations, 
jackets,  boxes,  caps,  etc.),  and  of  such  which  work  under  a  mean  stress 
(carriages,  supports,  etc.),  for  thin-walled  castings  with  a  large  size 
(parts  of  agricultural,  textile,  sewing,  printing,  and  calculating  ma¬ 
chines),  for  castings  working  under  a  pressure  of  10  to  30  atm  (steam-, 
gas-  and  water  pites,  valves,  fittings,  valve  boxes,  etc.),  and,  at 
light-duty  conditions,  for  antifriction  parts  (see  Antifriction  cast 
iron)  instead  of  bronze  (bearings,  bushs,  etc.),  for  low-duty  castings 
in  chemical  machine  building,  for  castings  in  electrical  engineering 
(parts  of  generators,  etc.),  and  also  for  the  manufacture  of  chills, 
ingot  molds  for  shaped  iron  castings,  and  for  glass  molds;  SCh  21-40, 
SCh  24-44,  SCh  28-48,  and  SCh  32-52  are  used  for  high-duty  castings 
submitted  to  high  stress,  vibrations  and  abrasion  at  high  speed  (cam 
gears,  camshaft  disks,  carcasses,  petroleum  pumps,  flywheels,  frames, 
pistons,  gear  wheels,  etc.);  SCh  35-56  and  SCh  38-60  are  used  for  parts 
worn  out  by  dry  friction,  great  pressure  and  temperatures  up  to  500®, 
and  also  for  parts  exposed  to  flame,  and,  finally,  for  high-duty  cast¬ 
ings  of  metallurgical  equipment. 

References ;  Glrshovich,  N. G. ,  Sostav  i  svoystva  chuguna  [Composi¬ 
tion  and  Properties  of  Cast  Iron]  in  the  book:  Spravochnik  po  chugun- 
nomu  lit’yu  [Handbook  on  Iron  Casting],  Moscow-Lenlngrad,  i960. 

A. A.  Simkin 
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1783  CM  =  SCh  =  seryy  chugun  -  gray  iron 


GRIFFIT'S  THEORY  —  see  Theory  of  Faniir*. 
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GUIGNET- PRESTONE  ZONES  -  see  Aging  of  Aluminum  Alloys. 
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GUN  METAL  -  tin-bronze  containing  approximately  10#  Sn.  It  is  used 
in  the  manufacture  of  various  shaped  castings  and,  in  the  past,  was  em¬ 
ployed  for  casting  cannon  barrels. 

O.Ye.  Kestner 
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GYPSUM  -  mineral,  dihydrate  of  calcium  sulfate.  Chemical  composi¬ 
tion  (CaS0^*2H20),  monoclinic,  prismatic.  Mohs  hardness  2.  Specific 
weight  2.317*  Thermal  conductivity  (at  16-46°)  0.259  kca/m’hour* aC. 
Light  refraction  indices  n  =  1.5305,  n  =  1.5207.  At  107°  it  is  par- 

o  r 

tially  dehydrated  passing  into  alabaster,  CaSO^'1/2  HgO,  which  at  170- 
-200°  is  transformed  into  the  anhydrate  CaSO^.  Sedimentary,  metasomat- 
ic  gypsum  deposits  and  deposits  in  wind-eroded  zones  are  known.  It  is 
relatively  easily  soluble.  Transparent  gypsum  crystals  are  used  in 
optics  for  the  making  of  gypsum  plates  which  are  extensively  used  for 
microscopic  investigations  of  transparent  materials  (in  particular,  in 
determining  the  optic  signs  of  minerals).  Raw  fibreous  gypsum  (selen¬ 
ite)  is  used  for  inexpensive  Jewelry. 

Gypsum  is  used  in  the  production  of  Portland  cement,  fertilizers, 
paints,  dense  grade  paper  (as  a  filler).  Molds  for  precision  casting  of 
machine  components  are  made  from  gypsum.  Calcined  gypsum  is  used  exten¬ 
sively  for  castings  and  molds  [gypsum  casts  (in  medicine)  bas  reliefs, 
cornices,  etc. ],  as  well  as  cement  for  fastening  of  nonmetallic  to  me¬ 
tal  components. 

References:  Trebovaniya  promyshlennosti  k  kachestve  mineral' nogo 

syr'ya  [Industrial  Requirements  Put  to  the  Quality  of  Mineral  Raw  Ma¬ 
terials],  issue  50.  Pechurov,  S.S.  and  Shneyder,  V.  E. ,  Gips  [Gypsum], 
2nd  edition,  Moscow,  1959;  Kurs  mineralogii  [A  Course  in  Mineralogy], 
edited  by  A.K.  Boldyrev  (et  al. ].  Leningrad-Moscow,  1936. 

V.  V.  Shcherbina 
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HADFIELD  STEEL  -  steel  with  a  high  resistance  to  wear  (abrasion) 
under  high  specific  pressures  or  under  impact  loads.  It  is  used  in  the 
form  of  intricate  castings  and  also  in  the  shaped  state  in  the  form  of 
forgings,  rolled  stock  and  cold-drawn  wire.  Hadfleld  steel  is  a  high- 
alloy  manganese  austenitic  steel  and  is  known  under  the  brand  name  012 
in  the  shaped  state  and  under  the  brand  name  G13L  as  casting  [steel]. 
With  respect  to  wear  resistance  under  high  pressures  and  Impact  loads 
Hadfleld  steel  exceeds  wear-resistant  steels  of  other  groups,  for  ex¬ 
ample,  of  the  U10,  U13,  ShKhl5,  Khl2,  Khl2M,  Khl8  brands  and  graphltized 
steel. 

TABLE  1 

Chemical  Composition  of  Hadfleld  Steel 


1)  Steel;  2)  element  content  (%);  3)  GOST;  4)  G13Lj 

5)  G12. 


Tha  isothermal  transformation  of  austenite  in  steel  containing  13# 
of  manganese  at  370*  starts  only  after  48  hours;  below  260*  practically 
no  carbide  precipitation  and  phase  transformations  take  place  in  the 
absence  of  deformation.  Obtaining  stable  mechanical  properties  of  cast¬ 
ings  requires  that  the  ratio  of  the  manganese  to  the  carbon  content  be 
not  less  than  10.  To  obtain  optimal  casting  properties  they  are  heated 
up  to  1020-1100*  (here  the  carbides  are  entirely  dissolved)  and  are 
cold  water  quenched  into  austenite.  When  quenching  thick  walled  casting 
care  should  be  taken  to  provide  intensive  water  circulation.  Due  to  the 
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affinity  to  dehydrogenation,  holding  in  the  heating  for  quenching  should 
not  exceed  30-40  minutes. 


TABLE  2 

Physicooechanical  Properties  of  Hadfleld 
Steel 


JJW.  *» 

*  1  ♦ 

Tr 

C%» 

(«.«  CM-) 

3mum  •  Ift-tH  IMI 

48-M  JJ-45 

18-3# 

ItM— 1 IMV 

1)  Steels  2)  heat  treatment;  3)  (kg/tom2);  4) 
(kgn/cm*);  5)  013L;  6)  quenching  from  1020- 
1100°  in  water. 


The  temperature  interval  for  hot  machining  of  the  steel  is  1150- 
900#.  Preforging  heating  should  be  slow,  in  order  to  avoid  the  forma¬ 
tion  of  internal  cracks  due  to  the  low  thermal  conductivity  and  the 
high  linear  expansion.  The  forgings  are  air-cooled.  Prolonged  heating 
of  steel  quenched  to  austenite  at  above  300°  or  short-duration  heating 
at  400  and  above  makes  it  brittle.  Heating  and  cold  shaping  results  In 
the  breaking  down  of  the  austenite  with  attendant  precipitation  of 
carbides  along  the  grain  boundaries  and  slip  planes  and  increasing  the 
Brine 11  hardness  to  500  kg/nm2;  here  the  steel  becomes  magnetic  and 
very  brittle  (Fig.  1).  Hence,  under  service  conditions,  it  is  not  per¬ 
missible  to  so  heat  castings  from  steel  quenched  to  austenite.  After 
water  quenching  the  Brinell  hardness  is  low  (about  200  kg/mra2),  here 

TABLE  3 

Effect  of  the  Temperature 
on  the  Mechanical  Proper¬ 
ties  of  Hadfleld  Steel 


«»  I  •*, 
O  <■»«•’) 


•  I  ♦ 

nw 


l^jemperature  fc);  2)  (Kg/ 
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the  steel  is  practically  not  machlneable.  Under  the  action  of  the  cut¬ 
ting  tool  the  machined  surface  is  highly  workhardened  and  the  hardness 

O 

increases  to  450-350  kg/fam  .  Hence,  intricate  articles  from  Hadfleld 
steel  are  made  only  by  casting.  Since  the  high  workhardness  makes  the 
machining  of  products  (casting)  quite  difficult,  components  are  usually 
finished  to  the  required  dimensions  grinding,  preferably  wet,  to  avoid 
formation  of  cracks. 

The  high  wear  resistance  of  Hadfleld  steel  is  due  to  the  fact  that 
it  is  highly  strengthened  by  workhardening.  The  wear  resistance  of  Had¬ 
fleld  steel  in  Impact  abrasion  is  by  a  factor  of  10-12  greater  than 
that  of  carbon  and  by  a  factor  of  2-3  higher  than  that  of  graphltlzed 
steel  (Fig.  2).  Hadfleld  steel  is  welded  with  difficulty.  Castings,  as 
a  rule,  are  arc  welded  using  electrodes  from  the  same  steel  additional¬ 
ly  alloyed  by  3-3. 5£  of  nickel,  or  containing  copper  and  molybdenum, 
and  also  from  stainless  chromium-nickel  steel.  Pressure  workability  in 
the  hot  and  cold  state  is  satisfactory.  The  G13L  steel  is  sensitive  to 
changes  in  the  smelting  process  technology,  for  example,  in  the  method 
and  completeness  of  deoxidation,  teeming  temperature,  etc.  It  is  smelt¬ 
ed  primarily  in  an  open-hearth  and  electric  furnaces.  Higher  mechanical 
properties  are  characteristic  of  fine-grain  steel. 

When  0. 1-0.20  of  zirconium  is  introduced  into  G13L  steel  the  trans- 
crystallization  and  the  metal  structure  becomes  fine-grained;  here  the 
wear  resistance  of  the  steel  is  increased  by  20%.  The  elimination  of 
transcrystallization  in  castings  is  also  observed  when  0.003-0.0064  of 
boron  is  added  to  the  steel,  t*^  of  the  G13L  steel  is  1345*.  The  casta- 
billty  Is  high.  The  casting  shrinkage  (free)  is  2.6%.  The  hardenablllty 
may  be  as  high  as  100  mm.  Physical  properties;  y  •  7.9  g/c*^,  a  * 

-  l8*10~*  (0-100*)  nr1,  c  -  0.124  (  50-100*)  cal/g*  *C,  y  -  0.027  cal/ 
/cm* sec*  *C. 
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Intricately  shaped  Hadfleld  steel  castings  are  used  extensively  In 
the  mining,  railroad,  cement,  construction  and  other  branches  of  Indus¬ 
try,  for  lips  of  dredges,  scoops  of  drags,  buckets  and  bucket  teeth  of 
powerful  excavators,  jaws  of  crushers,  bowls  of  eddy  and  ball  mills, 
trolleycar  end  railroad  frogs  and  switching  levers,  caterpillar  tracks 
and  other  components  subjected  to  Impact  wear.  Shaped  Hadfleld  steel  Is 
used  for  fireproof  safe  casings,  pipe  rolling  cores,  for  rails.  The 
semifinished  products  made  from  Hadfleld  steel  are:  plate3,  sheets. 


Pig.  1.  variation  in  the  hardness  (1),  bending  strength  (2)  and  tough¬ 
ness  (angle  of  twist)  (3)  o f  the  G13L  steel  as  a  function  of  the  temper¬ 
ing  temperature.  A)  o.  ,  kg/fam2;  angle  of  twist;  B)  temperature  of 
tempering,  *C. 


Pig.  2.  Comparison  of  the  wear  resistance  of  various  kinds  of  steel.  1) 
Carbon;  2)  graDhitized;  3)  G13L  manganese,  a)  Weight  loss,  %  of  the  ini 
tial  weight;  B)  time,  hours. 


bars,  sieve  wire,  etc. 

References:  Goncharov,  P.A. ,  Proizvodstvo  llt'ya  iz  margantsovis- 
toy  stall  (Producing  Castings  from  Manganese  Steel],  Moscow- Leningrad, 

1940;  Termlcheskaya  obrabotka  1  svoystva  lltoy  stall  (Heat  Treatment  and 
Properties  of  Cast  Steel],  Moscow,  1953*  (articles  by  Pedvoyskiy  L.N. 
and  Kreshchanovskiy,  M.S. );  Stal'noye  lit'ye.  Spravochnlk  dlya  masterov 
llteynogo  proizvodstva  (Casting  of  Steel.  Handbook  for  Foundry  Foremen], 
edited  by  N.  P.  Dubinin,  Moscow,  1961;  Metallovedeniye  1  termlcheskaya 
obrabotka  stall  1  chugnuna  (Metal  Science  and  Heat  Treatment  of  Steel 
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and  Pig  Iron}.  Handbook,  Moscow,  1956;  Gudremon,  E. ,  Spetsialnyye  stall 
[Special  Steels],  translated  from  German,  Vols.  1-2,  Moscow,  1959-1960. 

N.M.  Tuchkevlch 
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HAIGH1  S  DIAGRAM  -  is  a  graph  which  characterizes  the  relationship 
between  the  value  of  the  mean  stresses  of  a  cycle  and  the  value  of  the 
maximum  amplitudes  (Fig.)  in  the  fatigue  test.  Haigh* s  diagram  is 
graphed  by  means  of  the  fatigue  curves  obtained  from  the  test  results 
of  3*^  series  of  similar  specimens  at  differer*;  mean  stresses  of  the 
cycle  for  each  series.  The  mean  stresses  and  amplitudes  corresponding 
to  the  points  A-D  on  the  fatigue  curves  are  the  coordinates  of  the  an¬ 
alogous  points  on  the  Haigh1 s  diagram  (see  Fig.).  Each  service-life 
(basis)  has  its  own  corresponding  Haigh1 s  diagram.  The  sum  of  the  ab¬ 
scissae  and  ordinates  of  the  points  on  the  AD  curve  represent  the 


p 

1)  kg/mm  ;  2)  min;  3)  maks. 


q  tj1  p 

fatigue  limit:  6malcs  =  +  <5^;  the  sum  of  the  coordinates  of  each 

point  which  lays  below  the  AD  curve  represents  the  permissible  maximum 


P  TJ*  t' 

stresses  of  the  cycle:  fi,.  =  6*  +  C„.  Under  the  condition  of  similar- 

maKs  m  a 

P 

ity  of  the  cycles,  the  ratio  of  the  fatigue  limit  <5maks  to  the  maximum 


E  p 

stress  of  the  permissible  cycle  <5^^  is  the  safety  factor:  nfi  -  C^aks' 


,  E 

'’maks’  is  val*d  a-t  mean  negative  stresses  and  for  tangential 

stresses. 
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1796  ukh  =  min  =  minimum  *  minimum 
1796  uanc  •  maks  ■  maksimal’nyy  ■  maximum 
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HAIR  CRACKS  IN  STEEL  -  thin  (hair-like)  clearly  outlined  small 
cracks  which  are  situated  in  rolled  (less  frequently  in  forged)  bars 
along  the  metal  flow  direction  (along  the  fiber).  To  establish  the  de¬ 
gree  to  which  the  steel  has  been  effected  by  hair  cracks  use  is  made  of 
stepped  machining  of  250  mm  long  specimens  which  are  taken  from  rolled 
bars  (when  specimens  are  made  from  forged  bars  a  reduced  number  of  hair 
cracks  is  obtained,  which,  in  addition,  are  shorter).  The  round  speci¬ 
mens  are  machined  so  as  to  produce  three  steps,  each  50  mm  long.  The 
diameter  of  steps  as  a  function  of  the  bar  diameters  is  shown  in  the 
Table.  When  producing  the  stepped  specimens  the  last  chip  should  be  re¬ 
moved  with  a  sharp  cutter  with  a  depth  of  cut  of  0.5  nan  and  a  feed  of 
0.25  mm.  On  inspection  each  step  of  a  specimen  is  inspected  (sometimes 
after  light  etching)  by  the  naked  eye  or  through  a  magnifying  glass 

Dimensions  of  Stepped  Specimens 


flHaMKp  cTyncnert  o6pa3ua  (mm) 2 


SHaMeTP 
nnaiirn  (v«a») 

1 

3  •-« 

CTyneHL 

4 

CTynenb 

3-  5 
CTynenb 

16-20 

13 

9 

5 

21-25 

1  8 

15 

10 

26-30 

23 

1  8 

10 

31-40 

28 

22 

1  5 

41-50 

38 

28 

1  5 

51-60 

48 

32 

1  5 

61-80 

58 

40 

20 

81-100 

78 

55 

30 

101-120 

06 

70 

40 

121-150 

116 

85 

50 

1)  Bar  diameter  (mm);  2)  diameter 
of  specimen  steps  (mm);  3)  1st  step; 

4)  2nd  step;  5)  3rd  step. 

with  five-fold  magnification  and  the  length  of  the  hair  cracks  is 
measured.  The  allowable  norms  of  the  quantity,  maximum  length  and  total 
length  of  the  hair  cracks  are  established  by  technical  specifications 
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for  steel  deliveries. 

Surface  hair  cracks  are  rolled  surface  flaws  of  the  ingot,  that  is 
gas  bubbles,  blow  holes,  double  skins  and  fins.  The  interiors  of  hair 
cracks  frequently  are  slag  particles  elongated  along  the  shaping  direc¬ 
tion.  Being  points  with  a  defective  structure,  hollows,  slag  inclusions 
hair  cracks  reduce  the  mechanical  properties  of  steel.  The  peculiarity 
of  their  effect  on  these  properties  is  due  to  their  shape  which  is 
elongated  along  the  metal  flow  direction  (on  shaping).  Hence  the  most 
extensive  reduction  in  mechanical  properties  of  steel  which  has  an  ex¬ 
cessive  number  of  hair  cracks  is  observed  attendant  to  the  effect  of 
tensile  stresses  (across  the  fibers)  and  compressive  stresses  (along 
the  fibers).  Since  the  majority  of  machine  and  equipment  components  is 
subjected  to  complex  stresses  it  is  necessary  to  achieve  a  reduction  in 
the  number  of  hair  cracks  in  steel  semifinished  products.  This  is 
achieved  primarily  by  improving  the  quality  of  the  ingot  structure  (re¬ 
duction  of  the  number  and  size  of  bubbles,  blow  holes,  slag  inclusions, 
etc. ),  cleaning  of  the  ingot  surfaces  and  refining  the  shaping  regime 
in  which  the  flaws  which  are  found  could  have  been  "brewed. "  Rejects 
due  to  hair  cracks  are  sharply  reduced  in  Vacuumed  Steel. 

References:  Minkevich,  N. A. ,  Svoystva,  teplovaya  obrabotka  1  nazna 
cheniye  stall  i  chuguna  [Properties,  Heat  Treatment  and  Uses  of  Steel 
and  Pig  Iron].  2nd  edition.  Parts  1-2,  Moscow,  1934$  Metallovedeniye  i 
termicheskaya  obrabotka  stall  i  chuguna  [Metal  Science  and  Heat  Treat¬ 
ment  of  Steel  and  Pig  Iron],  Handbook,  Moscow,  1956. 


M.  L.  Bernshteyn,  I.  N.  Kidin 
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HALF-HARD  BRASS  Is  brass  which  Is  pressure  worked  with  an  average 
degree  of  deformation  (10-30#)  and  which  as  a  result  of  this  has  higher 
strength  and  hardness  than  in  the  annealed  condition.  In  the  present 
standards  the  mechanical  properties  of  the  half -hard  brasses,  other 
than  the  LS63-3  brass,  are  specified  by  the  minimal  values  of  the  ten¬ 
sile  strength  and  the  relative  elongation.  In  the  half -hard  condition 

p 

the  I.S63-3  brass  must  have  a  tensile  strength  from  35  to  44  kg/mm  .  Ac¬ 
cording  to  the  US  standards  the  half -hard  brasses  must  have  definite 
minimal  and  maximal  values  of  the  tensile  strength  and  hardness,  while 
according  to  the  German  specs,  in  addition,  they  must  have  a  minimal 
value  of  the  relative  elongation.  The  half -hard  brasses  are  used  for 
the  production  of  ribbon,  sheet  and  strip,  wire,  tubes,  rods. 

For  the  mechanical  properties  of  these  brasses  see  articles  on 
Wrought  Brass,  Brass  Ribbon,  Brass  Sheet  and  Strip,  Brass  Wire,  Brass 
Tubes,  Brass  Rods. 


Ye.S.  Shpichinetskiy 
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HALITE  -  mineral  (natural  sodium  chloride).  Chemical  composi¬ 
tion  (%  by  weight):  Na  39*4,  Cl  60.6.  Engineering  name  of  halite  is 
common  salt.  Pure  halite  is  colorless  and  transparent.  An  admixture  of 
iron  oxides  imparts  to  halite  yellow  and  red  color,  clay  particle  color 
it  gray  while  organic  substances  color  it  brown  and  black.  The  charac¬ 
teristic  spotty  blue  or  violet  color  which  arises  upon  radioactive  or 
x-ray  irradiation  or  after  deformation  is  produced  by  inclusions  of 
metallic  sodium  into  the  crystal  lattice  of  halite.  Halite  forms  regu¬ 
lar  cubic  crystals.  Specific  weight  2. 1680,  Mohs  hardness  2.  Halite  is 
brittle  in  air,  in  the  absence  of  air  or  when  wetted  it  becomes  appre¬ 
ciably  plastic.  The  strength  of  halite  increases  by  deformation,  par¬ 
ticularly  after  homogeneous  shear,  tpl  800.4®,  boiling  temperature  1445? 
Melting  heat  517  joule/g.  Specific  heat  (joule/g)  at  temperatures: 

-  200®-0.4 66,  0®-0. 855,  200®-0.915,  400®-0.975,  800®-1.095.  Thermal 
conductivity  (watt/cm*  degree*  10""^)  at  — 190®-267,  at  0®-69.  7,  at  100®- 
-42.0,  at  300®-24. 9,  at  400®-20.8.  When  mixed  with  ice  in  the  amount  of 
22.4-24.8#,  halite  provides  cooling  to  21.2-22.4®.  Crystalline  halite 
is  a  dielectric,  melts  and  solutions  of  halite  have  a  high  electrical 
conductivity.  The  dielectric  constant  of  halite  at  room  temperature  and 
for  a  current  frequency  within  the  audible  range  is  6. 2±0. 1,  that  of 
halite  aggregate  (rock  salt)  is  5. 6-6. 3.  The  dielectric  constant  of 
halite  decreases  on  plastic  deformation.  The  electric  strength  (Epr)  is 
lower  for  colored  halite  crystals  and  is  increased  by  heating.  At  200° 
the  electric  breakdown  of  halite  becomes  a  thermal  breakdown.  At  220- 

-250®  halite  takes  on  electric  rectification  properties;  the  rectifica- 
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tion  coefficient,  depending  on  the  voltage,  varies  from  10  to  30.  Halite 
plates  pass  infrared  and  ultraviolet  radiation.  The  crystal  lattice  of 
halite  produces  diffraction  of  x-rays. 

Crystalline  halite  is  used  in  optics  as  a  spectral  filter  (lenses, 
prisms,  plates,  achromatic  objectives  for  ultraviolet  rays),  as  a  dif¬ 
fraction  lattice  in  rentgenoscopy;  it  can  be  used  as  a  dielectric  and 
electric  current  rectifier.  The  main  use  of  halite  is  as  a  chemical  raw 
material.  More  than  1500  regions  of  utilization  of  halite  and  its  de¬ 
rivatives  have  been  counted.  Halite  is  used  as  a  substance  for  preven¬ 
tion  of  wood  and  leather  decay,  and  also  in  the  tobacco,  paper,  cellu¬ 
lose,  textile  industries,  for  the  production  of  glazes,  in  refrigerat¬ 
ing  engineering,  soap  production.  The  main  users  (in  addition  to  food 
seasoning  enterprises):  production  of  soda,  caustic  soda,  hydrochloric 
acid,  metallic  sodium,  bleaching  powder,  etc. 

References:  Trebovaniya  promyshlennosti  k  kachestve  mineral' nogo 
syr'ya  [Industrial  Requirements  Put  to  the  Quality  of  Mineral  Raw  Ma¬ 
terials],  Issue  22  -  Chemyy,  L.  M.  and  Fiveg,  M.  P. ,  Kaliynyye  i  magnez- 
ialnyye  soli  [Potassium  and  Magnesium  Salts].  Moscow,  1947;  Ivanov  A. A., 
Prirodnyye  mineral' nyye  soli  [Natural  Mineral  Salts].  Moscow,  1951; 
Minerals  yearbook,  Vol.  1,  1959  [Wash.,  i960]. 

P.  P.  Smolin 


1802 


HALYARD  —  see  Cordage. 


1803 


I I -51k 


HAMMERED  LACQUER  AND  PAINT  COATINGS  are  decorative  coatings  which 
are  characterized  by  the  presence  of  a  pattern  which  Is  reminiscent  of 
the  traces  from  hammer  blows  or  chasing.  To  a  considerable  degree  these 
finishes  have  replaced  the  "moire”  and  "frosted"  enamels,  since  along 
with  good  external  appearance  they  have  a  smooth  surface.  The  hammered 
lacquer/paint  coatings  are  solutions  of  resins  pigmented  with  aluminum 
powder  (or  paste)  with  the  addition  of  a  small  quantity  of  the  pattern- 
former  (solutions  high-molecular  silicone  compounds).  A  small  quantity 
of  pigment  is  introduced  into  the  solutions  to  obtain  colored  hammered 
lacquer/paint  coatings.  The  hot -drying  hammered  lacquer-paint  coatings 
based  on  a  mixture  of  solutions  of  the  alkyd  and  melamine -formaldehyde 
resins  have  found  the  widest  application.  The  hammered  lacquer/paint 
coatings  cover  up  slight  defects  of  the  painted  surface,  which  reduces 
the  cost  of  the  painting  process  and  In  many  cases  eliminates  straight¬ 
ening  and  grinding  of  the  surface.  The  hammered  lacquer/paint  coating 
produced  in  accordance  with  VTU  414-59MEML25  is  a  synthetic  enamel 
which  Is  a  suspension  of  aluminum  paste  in  a  mixture  solutions  of 
alkyd  and  melamine -formaldehyde  resins  with  the  addition  of  silicone 
oil,  and  for  the  colored  enamels  with  the  addition  of  a  small  amount  of 
pigments.  The  hammered  lacquer/palnt  coatings  are  used  for  decorative 
finishing  of  machine  tools.  Instruments,  sewing  machines,  etc.  Prior  to 
use,  the  hammered  lacquer/palnt  coatings  are  mixed  until  the  precipi¬ 
tate  on  the  bottom  of  the  container  disappears,  excessive  mixing  leads 
to  deterioration  and  disappearance  of  the  pattern.  These  coatings  are 

thinned  with  xylene  to  the  working  viscosity  of  45-75  seconds  as  meas- 
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ured  on  the  VZ-4  viscosimeter  at  18-20*.  They  are  applied  by  paint 
sprayers  In  a  single  layer  on  the  primed  surface  of  the  parts ,  which  Is 
prepared  as  follows:  cleaning  of  the  rust  and  grease  contaminations, 
application  of  the  primer  (138*  PL-013,  FL-OZk  for  the  ferrous  metals; 
AL0-1,  ALG-5,  FL-03Zh  for  the  nonferrous  metals)  and  hot  drying  In  ac¬ 
cordance  with  the  specification,  painting  with  onelayer  of  ML-12  syn¬ 
thetic  auto  enamel  with  a  color  close  to  that  of  the  hammered  lacquer/ 
paint  coating  and  drying  for  1  hour  at  lju~.  The  hammered  lacquer/ 
paint  coatings  which  give  a  nonuniform  film  with  formation  of  the  pat¬ 
tern  do  not  provide  adequate  protective  properties  of  the  coating.  For 
parts  to  be  used  indoors  In  a  temperate  climate  it  is  permissible  to 
apply  the  hammered  lacquer/paint  coating  over  just  a  primer  or  over  a 
single  coat  of  glyptal  enamel.  In  case  of  severe  demands  on  the  stabil¬ 
ity  of  the  coating,  use  is  made  of  primer  and  one  or  two  coats  of  ML-12 
auto  enamel  as  the  sublayer.  The  viscosity  of  the  hammered  lacquer/ 
paint  coating,  the  thickness  of  the  coating  applied  and  the  pressure  of 
the  air  used  for  the  spraying  effect  the  formation  of  the  pattern.  To 
obtain  a  normal  medium-size  pattern  it  Is  recommended  that  the  hammered 
lacquer/palnt  coating  be  applied  with  a  viscosity  of  45-50  seconds  ac- 
cording  to  the  VZ-4  with  a  rate  of  180-200  g/m  with  supply  air  pres¬ 
sure  of  3-4  atmospheres.  To  obtain  a  large  pattern  the  coating  must  be 
applied  with  higher  viscosity  and  a  thicker  coat.  The  painted  articles 
are  exposed  to  air  for  30  minutes  to  remove  the  majority  of  the  solvent 
and  then  are  baked  at  120°  for  1  hour.  In  case  of  disappearance  of  the 
pattern  (after  long  storage)  the  addition  of  up  to  one  percent  of  sill- 
cone  oil  solution  Is  permitted  for  the  KL-25  enamel. 

B.I.  Ivanov 
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HARD  BRASS  is  brass  which  Is  pressure  worked  with  high  degrees  of 
deformation.  These  materials  have  high  strength  (hardness  and  reduced 
plasticity,  3y  the  present  standards  the  degree  of  hardness ,  1. e. ,  the 
strengthening  of  the  brass  (other  than  the  leaded  LS63-3)*  Is  specified 
by  the  minimal  values  of  the  tensile  strength  and  relative  elongation. 
The  mechanical  properties  of  the  LS63-3  brass  are  specified  by  the  max¬ 
imal  and  minimal  values  of  the  tensile  strength  (44-34  kg/mm2)  and  the 
relative  elongation  (6£).  The  required  mechanical  properties  of  semi¬ 
manufactures  made  from  the  hard  brasses  are  provided  with  a  degree  of 
work  hardening  of  no  less  than  30 The  US  standards  for  the  hard  brass¬ 
es  provide  for  limiting  maximal  and  minimal  values  of  the  tensile 
strength  and  the  hardness ,  while  the  Oerman  standards.  In  addition, 
specify  the  minimal  values  of  the  relative  elongation. 

Ye.S.  Shplchlnetskly 
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HARD  BRONZE  -  pressure-worked  bronze  deformed  to  a  high  degree 
(30-500).  It  has  high  hardness,  strength,  and  elasticity  and  Is  used 
for  components  of  various  types  (springs,  contacts,  bushings).  Hard 
bronze  has  a  low  plasticity. 


O.Ye.  Kestner 
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HARDENING  -  increase  in  the  resistance  to  deformation  with  an  in¬ 
crease  in  the  degree  of  plastic  deformation  or  as  a  result  of  alloying 
(for  example,  when  adding  Mn  or  Si  to  iron)  and  of  structural  changes 
in  materials  (for  example,  upon  the  precipitation  of  the  CuAlg  phase  on 
aging  of  duralumin).  Hardening  is  characterized  by  the  secant  modulus 
and  the  tangential  modulus.  An  additional  kind  of  hardening  is  that 
produced  by  the  shape  of  the  component  or  specimen  (the  so-called  shape 
hardening);  for  example,  in  the  presence  of  circular  groove  on  a  cylin¬ 
drical  rod  the  ultimate  strength  of  plastic  materials  of  construc¬ 
tion  Is  increased,  which  is  due  to  the  appearance  of  radial  and  circum¬ 
ferential  tensile  stresses,  which  reduce  the  acting  tangential  stresses 
(see  Tangential  Stress). 


S.I.  Kishkina-Ratner. 
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HARDENING  OP  STEEL  —  is  a  heat  treatment  consisting  in  heating  the 
steel  to  a  temperature  in  the  critical  range  or  higher,  keeping  at  this 
temperature,  and  rapid  cooling.  Nonequilibrium  structures  are  the  re¬ 
sult  because  the  rapid  cooling  inhibits  the  phase  transitions  by  diffu¬ 
sion.  The  phenomena  of  steel  hardening  are  based  on  the  transformation 
of  austenite  into  martensite  which  shows  a  number  of  peculiarities  dif¬ 
fering  it  markedly  from  all  other  transformations  in  solid  state.  The 
mechanism  of  the  austenite-martensite  transformation  consists  in  a  co¬ 
operative  regular  translocation  of  the  atoms  against  each  other  for 
distances  which  do  not  exceed  the  interatomar  distances.  Change  in  the 
shape  and  in  the  volume  by  a  microscopic  shift  is  the  result  of  this 
arrangement  of  the  atoms.  The  cooperativity,  i.e.,  the  interconnection 
and  orderliness  of  the  translocation  of  atoms  during  the  transfer  from  . 
the  austenite  lattice  into  the  martensite  lattice  make  possible  the 
transformation  at  low  temperatures  at  which  a  translocation  of  atoms  by 
diffusion  is  very  rare.  The  shift  character  of  the  lattice  reconstruc¬ 
tion  causes  considerable  elastic  deformations  during  the  growth  of  the 
growth  of  the  martensite  crystals,  and  this  fact  explains  the  great  in¬ 
fluence  of  stresses  on  the  kinetics  of  the  martensite  transformations. 

Steel  hardening  used  to  obtaining  the  required  mechanical  and 
physical  properties  after  a  suitable  tempering,  to  prepare  the  steel  for 
a  following  heat  treatment,  for  example,  in  order  to  annihilate  the 
cementite  network  in  the  structure  of  hypereutectoid  steel  and  in  the 
surface  layers  of  machine  parts  after  case-hardening,  in  order  to  ob¬ 
tain  a  fine-grained  structure  and  homogeneous  properties  before  the 
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heat-treatment  of  structural  steel  (e.g. ,  of  chrome  steel),  in  order 
to  secure  a  homogeneous  structure  and  to  increase  the  corrosion  resist¬ 
ance  of  stainless  steel. 

According  to  the  heating  temperature  there  are  to  be  discerned: 
the  complete  hardening,  if  the  heating  temperature  of  the  steel  is 
higher  than  the  critical  point  Ac^,  and  the  incomplete  hardening,  if 
the  heating  temperature  lies  within  the  critical  range.  The  steel 
hardening  may  be  carried  out  with  a  cooling  rate  which  is  higher  than 
the  critical  one,  causing  a  structure  of  martensite  and  residual  aus¬ 
tenite,  or  with  a  cooling  rate  lower  than  the  critical  one,  forming  a 
structure  of  a  ferrite-carbide  mixture  with  different  degree  of  dis- 
persity  (hardening  sorbite  and  troostite). 

According  to  the  cooling  method  the  following  hardenings  may  be 
discerned:  a)  the  usual,  with  continuous  cooling  in  water,  oil  and 
other  media,  whose  temperature  is  lower  than  the  martensite  point;  b) 
the  isothermal  hardening,  if  the  cooling  is  carried  out  in  a  salt  or 
metal  bath  with  a  temperature  high  than  the  martensite  point,  with  a 
holding  sufficient  for  the  total  decomposition  of  the  austenite;  a 
particular  case  of  isothermal  hardening  is  the  patenting  of  wire  by 
cooling  in  a  lead  bath  at  5^-0-650°,  resulting  in  a  sorbite  structure;  c) 
the  hardening  by  stages  in  a  hot  bath  at  a  temperature  higher  than  the 
martensite  point  with  a  holding  time  shorter  than  the  incubation  period 
at  this  temperature.  The  transformation  of  austenite  into  martensite 
occurs  during  the  following  coding  (usually  in  air);  d)  with  precool¬ 
ing,  the  piece  being  kept  some  time  in  air  before  immersion  into  the 
cooling  medium  (the  holding  time  is  determined  experimentally,  the  trans¬ 
formation  of  the  austenite  must  not  begin  before  the  piece  is  immersed 
into  the  cooling  medium);  e)  in  two  cooling  media  with  a  rapid  cooling 
up  to  a  temperature  higher  than  the  martensite  point,  and  a  delayed 
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cooling  below  this  point,  carried  out  usually  by  immersion  of  the 
piece  into  water  and  after  this  into  oil  (water-oil  hardening);  the 
cooling  time  is  ascertained  experimentally;  f)  with  limited  holding  in 
the  cooling  medium  and  following  cooling  in  air  providing  for  a  temper¬ 
ature  of  the  piece  not  lower  than  the  martensite  point  after  it  has 
been  taken  from  the  cooling  bath;  g)  with  self-tempering,  the  holding 
of  the  piece  in  the  cooling  medium  being  limited  in  such  a  manner  that 
the  internal  zone  of  the  cross  section  retains  a  heat  quantity  suffi¬ 
cient  for  a  following  tempering  of  the  hardened  surface  layer  in  air; 
in  practice,  the  piece  is  frequently  immersed  again  into  the  cooling 
medium  in  order  to  avoid  a  too  high  temperature  of  the  surface,  being 
guided  by  the  temper  colors  (hardening  chisels,  for  example)  or  by  the 
holding  time  which  is  known  empirically.  It  is  incorrect  to  attribute 
the  "isothermal  hardening"  to  the  phenomena  of  the  pure  steel  hardening 
because  in  the  latter  case  martensite  is  the  basic  structure,  in  the 
case  of  isothermic  hardening,  however,  in  which  heating  above  the  trans¬ 
formation  point  occurs  and  then  also  rapid  immersion  in  a  medium  with  a 
temperature  corresponding  to  the  interstitial  range  in  the  diagram  of 
the  kinetics  of  austenite  transformation,  the  steel  structure  is  formed 
by  bainite  (acicular  troostite)  and  sometimes  (in  low-carbon  steels)  by 
ferrite  also. 

Steel  hardening  may  be  carried  out  after  heating  the  piece  thrcigh 
or  after  a  surfacial  heating  with  high-frequency  current,  electric  heat¬ 
ing  by  contact,  heating  in  an  electrolyte  or  by  a  gas  flame.  The  steel 
hardening  may  be  complete,  when  the  part  is  heated  thoroughly  and  an 
almost  homogeneous  structure  (martensite  and  residual  austenite)  with 
equal  properties  in  the  whole  cross  section  are  obtained,  or  incomplete, 
when  the  structure  of  the  piece  is  inhomogeneous  along  the  cross  section 
(products  of  decomposition  of  austenite  above  the  martensite  point  with 
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inequal  properties).  With  regard  to  the  state  of  the  hardened  surface, 
the  hardening  is  subdivided  into:  usual  hardening,  when  the  surface  of 
the  piece  is  covered  with  oxides;  pure  hardening,  when  only  oil  cinder 
and  temper  colors  are  present  on  the  surface,  which  is  attainable  by 
heating  in  furnaces  with  controllable  atmosphere;  and  bright  hardening, 
when  heating  is  carried  out  in  furnaces  with  controllable  atmosphere 
and  quenching  is  executed  in  bright-hardening  oil  or  in  molten  alkali, 
and  neither  oxides  nor  oil  cinder  are  present  on  the  surface  of  the 
piece. 

Mineral  and  vegetable  oils,  water,  aqueous  solutions  of  salts, 
acids  or  alkalis,  molten  lead  and  salts,  emulsions,  kerosene,  solutions 
of  silicates,  etc.,  are  used  as  hardening  agents.  The  technological 
prope.  ties  of  the  hardening  agents  (mainly  the  cooling  rate  of  heated 
steel  in  them)  depend  on  their  physicochemical  properties  (viscosity, 
heat  conductivity,  heat  capacity,  heat  of  evaporation,  etc.  ).  The  values 
of  cooling  rates  (degrees/sec)  in  different  agents  are  given  below: 


TABLE 


1  Cpcaa 

UprM'i  onamaCHiiH 
p  (cck  )  o  miT'PBajie 
c  TCMri-p  CC) 

550—650 

|  200-300 

3  Bona,  18"  . 

600 

270 

r  Bona,  75"  . 

30 

200 

4  10%  NnOH  n  ton  .... 

1200 

300 

£  JlMrTHJlJlHpOB.  BOia  ... 

250 

200 

O  Mmiepaai.Hoc  Macao  .  .  . 

150 

30 

1)  Agent;  2)  cooling  time 
(sec)  in  a  temperature  °C 
interval  of;  3)  water;  4) 
10#  NaOH  in  water;  5)  dis¬ 
tilled  water;  6)  mineral 
oil. 


During  hardening,  thermal  and  structural  residual  stresses  spring 
up  simultaneously  which,  adding  together,  may  attain  high  values  caus¬ 
ing  bluckling  (deformation)  or  cracking.  The  main  factors  which  affect 
the  residual  stresses  in  steel  hardening  are  the  heating  temperature. 
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the  cooling  rate,  the  size  of  the  piece  of  work,  its  chape,  the  com¬ 
position  of  the  steel,  and  its  structure.  Rise  of  the  heating  tempera¬ 
ture  as  well  as  rise  of  the  cooling  rate  increase  the  temperature  grad¬ 
ient  of  the  hardening  and,  therefore,  the  magnitude  of  the  thermal  and 
structural  stresses.  In  order  to  prevent  the  formation  of  cracks,  the 
cooling  rate  in  hardening  must  be  diminished.  This  is  attained  practice 
by  different  methods,  for  example,  by  hardening  in  water  and  oil,  hard¬ 
ening  in  air  after  a  short  holding  in  the  hardening  agent,  hardening  in 
especially  selected  agents,  etc.  Alloying  of  steel  is  the  most  effective 
way  to  diminish  the  critical  hardening  rate  because  it  increases  the 
stability  of  austenite  in  the  subcritical  temperature  range.  This  per¬ 
mits  the  hardening  of  alloyed  steels  with  moderate  quenching  rates  in 
oil  and  even  in  air,  diminishing  the  residual  stresses  and  avoidirig  de¬ 
formation. 

References:  Kurdyumov  G.  V. ,  Yavleniya  zakalki  i  otpuska  stali  [The 
Phenomena  of  Steel  Hardening  and  Tempering],  Moscow,  i960;  Goudremont 
E. ,  Spetsial'nyye  stali  [Special  Steels],  translated  from  German,  vol. 

1,  Moscow,  1959;  Bochvar  A. A. ,  Metallovedeniye  [Metal  Working],  5th 
edition,  Moscow,  1956;  Cottrell  A. H. ,  Stroyeniye  metallov  i  splavov 
[The  Structure  of  Metals  and  Alloys],  translated  from  English,  Moscow, 
1961. 

M.  L.  Bernshteyn,  I.  N.  Kidin 
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HARDENITE  -  a  structural  variety  of  quenched  steel,  that  is,  mar¬ 
tensite,  which  has  a  so-called  icicular  structure.  When  observed  under 
an  optical  microscope,  the  icicular  structure  of  harden! te  is  not 
exposed  due  to  the  small  dimensions  of  needles  (plates)  which  are  out¬ 
side  the  limits  of  the  resolving  power  of  the  microscope.  By  its  physio- 
chemical  nature  and  kinetics  of  formation  hardenite  does  not  at  all 
differ  from  martensite  and  it  is  even  called  needleless  or  structure¬ 
less  martensite.  The  term  hardenite  is  infrequently  used  and  has  his¬ 
torical  significance. 

A.  F.  Golovin 
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HARD  MAGNETIC  MATERIALS  -  see  Alloys  with  Special  Physical  Proper¬ 


ties. 
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HARL^FSS  -  usually  the  resistance  of  a  material  to  local  plastic 
deformation  which  arises  when  a  body  with  a  higher  hardness  penetrates 
It.  Hardness  can  be  determined  under  static  and  dynamic  loads  (see 
Hardness  Testing)  at  room  and  elevated  temperatures  (see  Hot  Hardness). 
Independent  of  the  testing  method,  hardness  is  denoted  by  the  symbol 
H  with  the  appropriate  subscript  which  indicates  the  testing  method. 

The  extensive  use  of  hardness  testing  is  due  to  the  simplicity  of  meth¬ 
ods  which  do  not  require  complex  laboratory  devices;  possibility  of 
checking  the  material  without  making  special  specimens,  testing  of  com¬ 
ponents  without  destruction  and  determining  of  hardness  in  small  vol¬ 
umes  (see  Microhardness  Testing).  Methods  for  determining  hardness  by 
static  forcing  of  an  indenter,  l.e,  the  Brinell  (see  Brlnell  Hardness), 
Rockwell  (see  Rockwell  Hardness)  and  Vickers  (see  Vickers  hardness) 
methods,  are  the  ones  most  extensively  used.  Ths  Brinell  hardness  num¬ 
ber  HB  and  the  Vickers  hardness  number  HV  correspond  to  the  value  of 
the  average  pressure  at  the  surface  of  the  impression  and  are  close 
to  one  another  up  to  values  of  HB  -400  kg/mm  ;  the  measuring  of  hardness 
of  stronger  materials  by  a  steel  bail  may  deform  it,  increase  the  im¬ 
pression's  diameter  and  yield  values  of  HB  which  are  lower  than  the 
actual  hardness  (Fig.  1).  Balls  from  hard  alloys  are  used  for  testing 
the  hardness  of  high-strength  steels  and  alloys.  The  Rockwell  RC  and 
RB  hardness  values  are  determined  by  the  depth  to  which  the  Indenter 
can  be  forced  and  are  thus  more  arbitrary  than  HB.  No  llneur  relation¬ 
ship  exists  between  the  HB  and  HR  hardness  numbers  (Fig.  2).  The  rela¬ 
tionship  between  the  Brinell,  Rockwell  and  Vickers  hardness  values,  as 
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well  as  within  the  limits  of  one  method ,  leper. 2 In.*  .•  ir:e  . •. 2 ,  tali 

diameter  and  lndenter  shape.  Is  described  by  the  so-called  cor  -zero lor. 
tables,  which  are  supplied  In  various  handbooks  and  Instructions.  Ap¬ 
proximately  (with  an  accuracy  of  up  to  5#)  it  may  be  assumed  that  for 
the  values 
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Quite  stable  relationships  have  been  determined  between  the  hard¬ 


ness  and  other  physical,  mechanical  and  production  process  properties 


Fig.  1.  1)  Brlnell  hardness;  2) 
Vickers  hardness. 


1 


Fig.  2.  1)  Rockwell  hardness; 
2)  Brlnell  hardness. 


of  metals.  Of  the  greatest  practical  Interest  Is  the  relationship  be¬ 
tween  the  ultimate  strength  and  the  hardness,  determined  by  the  NB 
or  HR  Impression  method.  For  materials  which  are  destroyed  in  tension 
with  attendant  necking,  and  HB  have  the  same  physical  nature  and 
characterize  the  resistance  of  the  material  to  large  plastic  deforma¬ 
tions.  Ojj  *  k*HB,  where  k  Is  a  coefficient,  the  average  values  of 
which  for  a  number  of  materials  are  presented  In  Table  1.  The  coeffi¬ 
cient  k  for  the  same  material  becomes  higher  with  an  increase  In  strength. 
Thus,  for  the  40  KhNMA  steel  with  <  130  kg/mm2  k  ®  0.33,  for  < 

<  160  kg/am2  k  «  0.35,  for  <  185  kg/mm2  k  *  O.37.  For  materials 
which  the  ultimate  load  is  identical  with  the  lead  at  failure,  it 
Impossible  tc  set  up  a  quantitative  relationship  between  0^  and  HB, 
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TABLE  1 


t 
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3  APMKO-W«K'.W 

0,34 

^AApoNhiimA  .  . 

0.42 

JManoyrncpuaM- 

3o$opxitnyoMMc 

CTtfl  CTHflb  .  . 

0.34 

4  Crnnb  thiiu  xpo* 

CfUMHM  .  .  . 

0  .  *1.N 

MflHCHJIb  .  .  . 

<>,.1.1 

OMarmiH  .... 

•  i.4H 

S  To  mo . 

0.36 

HMKl'JIh  .... 

0  4*) 

6  AyCTOPirtTlIKH 

10 

CTant  Tunn 

iSCr-HNl 

0,46 

1)  Material;  2.)  Armco  iron:  3)  low-carbon  steel;  4)  Cromansil-type 
steel;  5)  same  as  above;  6)  type  18  Cr-8  Ni  austenitic  steel;  7)  alum¬ 
inum;  8)  aluminum  shaping  alloys;  9)  magnesium;  10)  nickel. 

since  in  this  case  the  strength  (a^)  is  characterized  by  the  resistance 
to  failure,  while  the  hardness  is  determined  by  the  resistance  to  de¬ 
formation.  Her.ce  the  hardness  of  certain  materials  such  as  high-strength 
aluminum  alloys,  casting  materials  and  pig  irons  can  only  approximately 
indicate  the  strength  level. 

The  method  of  forcing  a  ball  or  conical  penetrator  through  a  cer¬ 
tain  specified  value  can  be  used  to  approximately  evaluate  the  yield 
strength  of  the  material.  Sometimes,  primarily  for  purposes  of  investi¬ 
gation,  hardness  is  determined  by  scratching,  which  is  by  its  substance 
related  to  the  material's  failure  resistance.  The  Scratch  Hardness  can 
serve  as  an  indirect  method  for  determining  the  true  rupture  strength 

p 

S^.  It  was  shown  that  S^  =  4.02  x  (H^s  -  22.5)  kg/mm  ,  where  Hts  = 

=  1/b^Q,  ’--here  b^Q  is  the  width  of  the  scratch  made  on  the  material  by 
a  diamond  conical  indenter  with  a  vertex  angle  of  90°  and  a  50  kg  load. 
For  many  materials,  particularly  steels,  the  characteristics  and  S^ 
determined  in  hardness  and  tensile  tests  give  close  values  (see  Table 

2) . 
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TABLE  2 
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>  #3 

61 
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161 

SOXrCA  (otojck  up«  €00#J  “  07  j 
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153 

161 

SOXrCA  (ornycK  opa  200*16  17? 

177 

257 

255 

•  6  XHBA  9 . | 

134 

137 

212 

296 

O 

1)  Steel;  2)  kg/mm  according  to:  3)  tensile  testing;  4)  hardness:  5) 
U:  6)  30  KhGSA  (tempering  at  6006);  7)  30  KhGSA  (tempering  at  2006); 
8)  l8  KhNVA. 


References :  O'Neil,  H.  Tverdost 1  metallov  i  yeye  izmereniye  [Hard¬ 
ness  of  Metals  and  its  Measurement1,  Translated  from  English,  Moscow- 
Leningrad,  1940;  Fridman,  Ya.3. ,  Mekhanicheskiye  svoystva  metallov 
[Mechanical  Properties  of  Metals],  2nd  Edition,  Moscow,  1952;  Daviden- 
kov,  N.N. ,  "Zhurnal  tekhn.  fiz. "  [Journal  of  Technical  Physics],  Vol. 
13,  Issue  7-8,  pages  389-393,  1943;  Markovets,  M.P.,  ibid,  Vol.  19, 
Issue  3,  pages  371-82,  194 9;  Davidenkov,  N.N. ,  Belyayev,  S.E.  and  Mar¬ 
kovets,  M.P.,  "ZL,"  Vol.  11,  No.  10,  page  964,  1945;  Vitman,  F.F. , 
ibid.,  Vol.  13,  No.  2,  pages  198-205,  1947. 
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[Transliterated  Symbols] 


u  =  ts  =  tsarapaniye  =  scratching 
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HARDNESS  TEST  -  is  the  mechanical  testing  of  materials  consisting 
mainly  in  the  determination  of  the  resistance  of  the  tested  material  to 
local  plastic  deformation  carried  out  by  means  of  an  impressed  indentor 
or  by  scratching  with  a  special  tip.  The  indentor  is  a  body  with  a  de¬ 
finite  geometrical  shape:  spherical,  pyramidal,  conic,  made  from  hard 
material  (diamond,  hardened  steel,  hard  alloys).  In  contrast  to  other 
test  methods,  the  hardness  test  does  not  require  the  destruction  of  the 
specimen  or  piece,  and  it  is  therefore  used  for  the  control  of  finished 
or  semifinished  pieces,  although  it  must  be  taken  into  account  that  the 
indentor  leaves  a  small  hollow  in  the  piece. 

The  indentation  method  is  the  most  used  one.  The  indentation  hard¬ 
ness  of  structural  steel  proves  a  definite  dependence  on  the  limit 
strength  ab,  and  this  fact  is  widely  utilized  in  the  control  of  the 
properties  of  semifinished  and  finished  pieces.  The  scratching  method, 
in  which  the  resistance  to  destruction  is  evaluated,  is  used  very  rare¬ 
ly.  The  indentor  is  pressed  into  the  surface  of  the  specimen  usually  by 
a  static  load,  although  dynamical  methods  of  hardness  tests  are  known 
also  (see  Shore  Hardness,  Poldi  Device).  The  indentation  hardness  is 
evaluated  quantitatively  by  the  so-called  hardness  number  which  repre¬ 
sents  either  the  mean  specific  pressure  on  the  surface  of  the  impress 
(see  Brine 11  Hardness,  GOST  9012-59;  Vickers  Hardness,  GOST  2999-59), 
or  a  conditional  value  depending  on  the  indentation  depth  of  tne  tip 
(see  Rockwell  Hardness,  GOST  9013-59).  The  scratching  hardness  is  de¬ 
termined  either  by  +he  axial  load  which  is  necessary  to  obtain  a  scratch  ’ 
of  a  fixed  width,  or  by  the  magnitude  inverse  to  the  width  of  the 
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scratch  at  a  fixed  constant  load.  Methods  to  determine  the  hardness  by 
the  rebound  of  a  block  freely  falling  on  the  surface  of  the  specimen 
from  a  fixed  height  (according  to  Shore),  and  by  the  damping  of  the  os¬ 
cillations  of  a  pendulum  touching  with  a  pin  the  specimen  to  be  tested 
(according  to  Herbert)  are  also  known.  These  methods  are  rarely  used. 

References:  0"Neill  G. ,  Tverdost’  metallov  i  yeye  izmereniye  [The 
Hardness  of  Metals  and  Its  Measurement],  Moscow- Leningrad,  1940;  Sha- 
poshnikov  N.A. ,  Mekhanicheskiye  ispytaniya  metallov  [Mechanical  Tests  of 
Metals],  2nd  edition,  Moscow- Leningrad,  1954. 

I.  V.  Kudryavtsev,  D.  M.  Shur 
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HASTELLOY  —  see  Acldproof  nlckal  alloys. 
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